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SUMMARY
This thesis is a study of the comparative genetics and ecology of the 
sibling cosmopolitan fruitfly species Drosophila melanogaster and 
D. simulans. It attempts to test the propositions that there is a greater 
degree of genetic variation in D. melanogaster and that this allows it to 
exist in a greater range of environments than D. simulans. Within this 
context the thesis had three aims.
The first aim is a systematic analysis of the geographical and 
seasonal patterns of the two species in Australia. These data provide a 
basis for comparing the environments utilised by the two species. The 
second aim is to examine the effects of temperature and environmental 
ethanol on the fitnesses of the two species in the laboratory. These two 
factors are regarded as being of prime importance in the comparative 
ecology of the two species. The third aim is to compare the levels of 
genetic variation in the two species. Considerable genetic data are 
already available for D. melanogaster, but not nearly as much has been 
published for £>. simulans. Accordingly, an extensive geographic survey of 
five isozyme loci and two biometrical characters (ethanol tolerance and 
alcohol dehydrogenase activity) is also presented herein.
In Australia the frequency of D. simulans relative to D. melanogaster 
is found to be greater at higher, colder latitudes and in colder 
seasons. The results are consistent with the laboratory experiments using 
Australian populations of the two species, which show D. simulans to be 
relatively fitter at lower temperatures and D. melanogaster to be 
relatively fitter at higher temperatures.
Previous laboratory experiments have also generally suggested that 
D. simulans prefers lower temperatures than D. melanogaster. However, 
these have mostly used populations of the two species from continents
other than Australia, for which the patterns of relative species abundance 
are quite different. North America, particularly, has a latitudinal 
gradient of species abundance which is opposite in direction to that found 
in Australia. It is suggested that the results of these previous 
laboratory experiments may not relate directly to natural populations due 
to various problems with their design.
In terms of adult survival, previous results have shown that 
D . melanogaster has much greater tolerance to media supplemented with high 
levels of ethanol (>=5%) than has D. simulans. This result is confirmed 
here. However, it is also found here that the difference between the 
species is not nearly as great if tolerance is measured in terms of 
development time or productivity on lower ethanol levels (particularly 
2.5%) more comparable to those found in natural habitats. It is suggested 
that these results may be more relevant to a comparison of natural 
populations of the two species than are the adult survival data. This is 
consonant with other evidence that D . simulans does not avoid high ethanol 
fruits (2.5% to 5%) and that its tolerance to ethanol in larval choice, 
oviposition preference and larva-to-adult survival tests is more like that 
of D. melanogaster than in adult survival tests. It is further suggested 
that the commonly noted absence of D . simulans from wineries is more 
likely a result of its positive photopreference than of its relative 
intolerance of ethanol.
The geographical variation in two (Est6 and Pgm) of five enzyme genes 
studied in D. simulans is parallel to that found in D. meta.nogastev, on 
three continents. For the other three enzyme genes (Adh, Gpdh and Idh), 
as well as ethanol tolerance and alcohol dehydrogenase activity, no 
significant interpopulation variation is found. This is in contrast to 
D. melanogaster, which has similar latitudinal dines on three continents 
for all of these five genetic factors. Overall, D. melanogaster appears
Vto have both greater intra- and inter-population genetic variation.
Despite such genetic differences and the physiological differences 
between the species with regard to temperature tolerance, ethanol 
tolerance, phototaxis and possibly other factors, it remains to be 
demonstrated that the greater variation of D» metanogaster is associated 
with its inhabiting a greater range of environments. Furthermore, it is 
apparent from the Australian collections and the experiments comparing 
temperature and ethanol tolerance that there is considerable local 
heterogeneity in the species' abundances and genetics. For both species 
it is also probable that there is considerable genetic differentiation 
between continents, and this may be related to the differences in the 
continents' relative species abundances and histories of colonisation and 
spread. This suggests that the comparative ecologies and genetics of the 
two species may vary between races of the two species on different
continents.
1INTRODUCTION
The study of sibling species can be useful as a means of 
understanding evolutionary processes. In particular, a comparison of the 
population genetics and modes of adaptation of two sibling species can be 
informative of the important factors in the evolution and ecology of 
each. This thesis takes such an approach to the study of the sibling 
fruitfly species, Drosophila melanogaster and D. simulans.
D. melanogaster has been studied intensively by geneticists because it is 
ideally suited for laboratory experiments. D, simulans has not been 
investigated so thoroughly in this respect, although it is often studied 
as a comparison.
Comparatively little work has been done on natural populations of 
either species, probably because until recently they were regarded as 
"animal weeds" (Dobzhansky 1965), both generally being associated with 
humans and their garbage. In general terms D. melanogaster and 
D. simulans have similar geographic distributions, both being widespread 
and cosmopolitan. Yet D» melanogaster appears to have a much larger 
degree of genetic variation for most factors so far examined. Accordingly 
it has often been proposed that the greater degree of genetic variation 
apparent for D. melanogaster allows it to exist in a greater range of 
environments than D. simulans (e.g. Parsons 1975a).
This thesis attempts to test the validity of this proposition. If it 
is true then it would be of great interest to determine correlations 
between specific genetic factors and ecological range. If it is not true, 
then either (1) the genetic variation that has been examined to date is 
generally unimportant for adaptation, or (2) D. simulans has a radically 
different adaptive strategy from D. melanogaster, such that it does not 
need to utilise such a range of genetic variation. Both these
2alternatives obviously have important implications for the study of the 
population genetics and evolution of the species.
Differences in adaptation to temperature and environmental ethanol in 
particular have been suggested as being of major importance in the 
comparative ecology of the two species by a number of authors (e.g. see 
Parsons 1983). These two factors have been the subject of much study; 
however, on careful examination, many of the results of this work are 
confusing and contradictory. This is probably partly because laboratory 
studies of these characters have often failed to measure them under 
ecologically relevant conditions. Moreover, field studies have seldom 
been carried out in parallel with the laboratory studies on the ecology of 
the two species.
Indeed, our knowledge of the comparative distributions of the sibling 
species is also still incomplete, unsystematic and often anecdotal. Some 
generalisations, for example that D. simulans is more common in warmer 
areas, have found common acceptance in the literature, even though based 
on little evidence. The only definite difference between the two species 
for which there is much evidence is that D. melanogaster is very common in 
wineries, where D. Stimulans is very rare.
The work undertaken for this thesis therefore had three specific 
themes. First, a systematic analysis of geographical and seasonal 
patterns in the relative abundances of the two species was carried out. 
Second, the effects of ethanol and temperature on the relative fitnesses 
of the two species were examined under laboratory conditions carefully 
selected to maximise their relevance to natural populations. Third, 
further data were obtained on the relative levels of genetic variation in 
the two species.
Specifically, Chapter One of this thesis reviews the literature on 
the phylogeny of the two species (section 1.1), their geographical and
3seasonal distributions (1.2), laboratory experiments examining their 
reactions to temperature (1.3) and laboratory and field experiments 
involving environmental ethanol (1.4). Phototaxis is the one other 
ecological phenotype on which much work has been done examining 
differences between the species. This area is not examined experimentally 
herein, but a review of the relevant literature is included as Appendix I.
Chapter Two de^ribes the methods and materials for both the field 
work and laboratory experiments of the next four chapters.
Chapter Three examines the geographical patterns of the two species 
over a large area of Australia (3.1) and seasonal patterns in their 
relative abundances from two Australian sites (3.2). Some parallel 
analyses are also carried out on collecting data provided by North 
American workers (3.3) and a comparison is then made between the patterns 
found on the different continents (3.4).
Chapter Four describes experiments involving the effects of 
temperature (4.1) and ethanol concentration (4.2) on the relative 
fitnesses of recently derived Australian populations of the two sibling 
species. This is done in an attempt both to resolve some contradictions 
in earlier work and to relate the results to the data on the distribution 
of natural populations described in Chapter Three.
Chapter Five compares the geographical variation of ethanol tolerance 
and alcohol dehydrogenase (ADH) activity in Australian D . simulans with 
analogous data from previous surveys of populations of D. melanogastev.
ADH activity is studied because it is believed to have a role in ethanol 
tolerance.
Chapter Six reviews data available in the literature concerning 
levels of genetic variation in the two species and extends these data with 
a geographical survey of five allozyme loci in D, simulans which have 
already been surveyed in D . melanogastev. (Some of the results of this 
chapter have been published, see Appendix 111.)
4Chapter Seven discusses the results in total and the relationships 
between the ecology and genetics of the two species, with particular 
regard to the possible connection between levels of genetic variation and 
modes of adaptation discussed above.
5CHAPTER ONE 
LITERATURE REVIEW
1.1 PHYLOGENY
The genus Drosophila has almost 1,500 named species (Wheeler 1981) 
divided into subgenera, species groups and in some cases species 
subgroups. D. simulans and D. melanogaster belong to one of the major 
subgenera, Sophophora (233 known species), which is believed to have 
originated in the Afro-Asian tropics in the Oligocene (i.e. about 25 
million years ago) or earlier (Throckmorton 1975). The melanogaster 
species group, one of the largest species groups in this subgenus, 
contains 115 described species (Bock 1980). Apart from four widespread 
species, its distribution includes the tropical and subtropical regions of 
Africa, Asia and Australasia (Throckmorton 1975). The melanogaster group 
probably arose in South-East Asia, which is the centre of its current 
distribution and the area in which most of its extant members now occur 
(Throckmorton 1975, Bock and Wheeler 1972).
The four cosmopolitan species in the group are Drosophila ananassae, 
D, kikkawai, D. melanogaster and V. simulans. The latter two species are 
included in the melanogaster subgroup which contains a total of eight 
known sibling species (Ashburner et al. 1984). The other six species in 
the subgroup are endemic to Africa where most of them have restricted 
distributions. For this reason it is thought by many authors that the 
subgroup, including the two cosmopolitans, arose in the Ethiopian region 
rather than in Asia, and that D. melanogaster and D, simulans later spread 
to other regions through developing an association with humans 
(Throckmorton 1975, Lemeunier and Ashburner 1976, Bock 1980). This 
conclusion is supported by (1) the fact that £>. melanogaster's usual 
association with humans does not occur in parts of Africa (Lemeunier and 
Ashburner 1976) and (2) the apparent absence of D. simulans and
6D. metanogastev in South-East Asia (Bock and Wheeler 1972). However, Bock 
and Wheeler (1972) suggested that the metanogastev subgroup may have 
arisen in India and spread to Africa where further speciation took 
place. In support of this they point out that D. metanogastev is well 
established in India where its morphology shows some degree of 
intraspecific differentiation.
A consistent pattern of relationships among the species of the 
metanogastev subgroup has been constructed (Ashburner et at. 1984, see 
figure 1.1). This has been obtained from a variety of characters 
including reactions to parasitism (Carton and Kitano 1981), mating 
behaviour, interspecific hybridisation, polytene chromosome banding 
sequences (Leraeunier and Ashburner 1976), studies of enzyme and other 
protein variants (Eisses et at. 1979, Gonzalez et at. 1982, Ohnishi et at. 
1983), and comparisons of satellite DNA sequences (Strachan et at. 1982), 
transposable elements (Dowsett 1983) and the DNA sequences of the alcohol 
dehydrogenase (Adh) gene (Bodmer and Ashburner 1984).
On this basis the metanogastev subgroup is further divided into two 
groups of four species, one of which consists of D. metanogastev,
D. simutans, D. mauvitiana and D. sechettia. D. simutans appears to be 
more closely related to the latter two species (both of which have 
distributions restricted to the islands off the east coast of Africa from 
which their names are derived) than is D. metanogastev. The time of 
divergence of D. metanogastev from D. simutans and D. mauvitiana can be 
estimated from comparisons of the DNA sequences of Adh genes. Bodmer and 
Ashburner (1984) and Easteal and Oakeshott (1985), using different methods 
of calculation, derived estimates of four million and nine million years 
ago respectively. (Using the second estimate D. simutans and 
D. mauvitiana would have diverged about eight million years ago.) Despite 
their ages the two species are extremely similar morphologically, being
D. yakuba
D. teissieri
D. evecta
D. ovena
D. simulans
D. mauvitiana 
D. sechellia
D. melanogaster
FIGURE 1.1 Phylogenetic relationships between the eight known species of 
the melanogastev subgroup (after Ashburner et al. 1984). Note 
that lengths of branches are not intended to correspond to 
times of divergence.
7fully distinguishable only by detailed examination of the male genitalia 
(Bock and Wheeler 1972). Gallo (1973) and Thompson et al. (1979) have 
suggested three characters which distinguish females of the two species, 
but none of these is diagnostic in 100% of cases.
D, simulans and D, melanogaster were not recognised as separate 
species until Sturtevant (1919) distinguished them by the shape of the 
male anal plates. Hybrids of the two are sterile. Their standard 
sequence chromosomes (D . melanogaster has a number of polymorphic 
chromosome inversions, see section 6.2) are homosequential except for one 
large inversion and a few minor ones (Sturtevant and Plunkett 1926, 
Lemeunier and Ashburner 1976).
1.2 GEOGRAPHICAL AND SEASONAL DISTRIBUTIONS
1.2.1 General
Eight Drosophila species are generally termed cosmopolitan:
D . ananassae, D. busckii, D. funebris, D . hydei, D.immigrans,
D . melanogaster, D . repleta and D, simulans. None has a truly world-wide 
distribution but all are found in each of the six faunal realms (Patterson 
and Stone 1932). D. simulans and D, melanogaster are found on all 
continents except Antartica (Throckmorton 1975). However there are also 
regions of the other continents from which one or both species are absent.
D, simulans appears to be absent from India, South-East Asia and New 
Guinea, and has not been recorded in the Oriental region except from parts 
of Japan (Bock and Wheeler 1972, Okada 1981), where the species was first 
found in the Bonin Islands in 1936 but did not invade the Japanese 
mainland until 1972 (Watanabe and Kawanishi 1976). It has now spread 
throughout Kyushu, parts of Shikoku and mid-eastern Honshu. Although in 
some areas D, simulans is not spreading very rapidly, in places where it 
has become abundant, D. melanogaster, at present the commonest Drosophila
8species in Japan, has suffered a depletion in numbers (Kawanishi and 
Watanabe 1977, Watanabe and Kawanishi 1978).
D. melanogastev is present but rare in South-East Asia but well- 
established in India and Japan (Bock and Wheeler 1972). It has only 
recently invaded New Guinea; it was not found there until 1977 despite 
intensive collecting before this time and is still absent from the north 
side of the island (Carson and Okada 1983).
In other parts of the world the relative abundances of the two 
species vary. Some authors (e.g. Parsons and Stanley 1981a) have 
suggested that their relative proportions are determined by environmental 
factors, specifically temperature, such that D. melanogastev increases in 
relative abundance with latitude because of its greater cold tolerance and 
possibly its greater tolerance to fluctuating temperatures. The 
laboratory evidence for this conclusion is discussed in section 1.3. The 
field evidence is based largely on records from the United States which 
are probably the most extensive. This section examines the published 
collection records for all continents (except Asia for which the only 
significant data are those for Japan discussed above) to determine what, 
if any, geographical and seasonal trends exist in the relative abundance 
of the two species.
1.2.2 North America
In the North American region £>. melanogastev was first described 
from Cuba in 1862 but was not reported from the mainland until 1879, when 
it was found by a number of collectors (Johnson 1913). Johnson considers 
that if it had been present before this time it would have been 
identified. Thus it appears that D. melanogastev has only been in North 
America for just over a century. D. simulans was first described by
Sturtevant in 1919 from a New York collection but it is clear that before
9this time it was confused with D. melanogaster, since an examination of 
other stocks showed that it was already widespread in the U.S.A. by that 
year. Thus the two species would appear to have arrived in North America 
at about the same time. Conceivably they were introduced via the West 
Indies by ships sailing from southern Europe or western Africa during the 
slave trade (Johnson 1913), although D. simulans is still absent from the 
islands of the French West Indies (David and Tsacas 1980).
In his large study of the Drosophilidae of south-western North 
America, Patterson (1943), using the mean figures from each state in which 
collections were made, found that the ratio of D» simulans:
D. melanogaster was always greater in the second half of the year (July to 
December) than in the first half (January to June). D. simulans was 
generally relatively rarer in the more northerly states and in fact often 
not collected there from January to June. In a detailed study at one site 
at Aldrich Farm, near Austin, Texas, (30° 12’ N, 97° 44’ W) he found two 
peaks in the numbers of D . melanogaster and D . simulans collected, one in 
May/June and the other in September. Unfortunately, owing to the large 
number of flies collected, the two species were not scored separately; 
however, Patterson interpreted the first peak as being one of 
D . melanogaster and the second as being one of D. simulans. He suggested 
that because D . melanogaster is more tolerant of lower temperatures its 
numbers quickly build up in the spring, whereas D. simulans becomes 
dominant during the summer months and maintains this dominance till early 
winter. Such a pattern is supported by later collections (e.g. Wallace 
1968, Mclnnes et al. 1982) but no large scale study has been published 
since that of Patterson (1943). His study has often been cited as a model 
by authors working with populations of Drosophila from other continents.
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1.2.3 Europe
If the melanogastev subgroup arose in the Ethiopian region as is 
generally supposed (e.g. Bock 1980, see section 1.1), then it is possible 
that D. simulans and/or D . melanogastev first invaded Europe during 
prehistoric times in association with the spread of farming throughout 
this continent (David et al. 1976). Early farming originated in the Near 
East over 8,500 years ago and appears to have reached Britain and 
Scandinavia some 5,000 years ago (Ammerman and Cavalli-Sforza 1971, Bodmer 
and Cavalli-Sforza 1976). Alternatively, the sibling species may not have 
reached Europe until the colonisation of Africa by the European powers, 
which began in the 1870's, when the amount of human traffic between the 
two continents increased dramatically.
Louis (1983) has summarised much of the Dvosophila collection data 
for Europe. He has shown that D . simulans is very common relative to 
D. melanogastev around the Mediterranean (including Egypt) and becomes 
less abundant with increasing distance to the north. However, the 
European pattern of relative abundance is not as clear as has been 
suggested. For example, Triantaphyllidis and Tsacas (1981) did find an 
increasing north-south gradient in the D . simulans: D. melanogastev ratio 
in Greece, but from only five collections. There was a high but non­
significant correlation of this ratio with various temperature variables, 
however the correlation changed sign when their collection from Crete was 
included. The numbers of D. melanogastev collected peaked in June and 
those of D. simulans in September.
D. simulans is now by far the most common Dvosophila species in Egypt 
(Mourad et al. 1976, Bachli et al. 1982). However this was not always 
true. In 1956, D . melanogastev made up over 80% of a population near 
Alexandria (Mourad and Mallah 1960), during 1961 and 1962 the species were 
in roughly equal numbers and by 1966 D. simulans was more common than
D. melanogaster (Tantawy and Mallah 1961, Tantawy 1964, Tantawy et al. 
1970).
Monclus (1964) found D . simulans to be almost always more.common than 
D. melanogaster at a number of sites in north-eastern Spain, and often to 
be the most common Drosophila species. Generally both species increased 
in abundance with increasing altitude but this trend was not always 
consistent. Both were most frequent in urban areas. Monclus and Prevosti 
(1979) collecting throughout eastern Spain found the two cosmopolitans 
equally abundant in domestic habitats; however, D . simulans was by far the 
most common species in "wild" habitats, followed by D . subobscura. In 
domestic habitats the D . simulans: D . melanogaster ratio varied greatly 
from place to place with no apparent pattern. Rocha Pite (1977) also 
found D. simulans to be the more common species at four non-urban sites of 
differing altitudes in western Portugal where it was caught almost all 
year round. Both species peaked in numbers from August to November. A 
different seasonal pattern was found by Ochando (1980) in Spain, where the 
numbers of the four commonest species peaked at different times of the 
year; D. melanogaster in late spring and summer, D . subobsaura in autumn 
and winter, D . busckii in spring and D. simulans in autumn.
Hadorn et al. (1952) collected from 28 sites throughout France, Spain 
and Portugal. D . melanogaster was found at most sites and was most common 
in the south of France and parts of Portugal. D . simulans was very rare 
and except at one site was greatly outnumbered by its sibling species. In 
direct contrast to Rocha Pite (1977) and Monclus and Prevosti (1979), 
these authors explain the absence of D . simulans as due to its preference 
for human habitation, since they were collecting from orchards and similar 
sites. Similarly Sobels et al. (1954) collected very few D . simulans in 
the Netherlands and none were caught in what were termed "natural 
biotypes", only in gardens and orchards. D . melanogaster was always more
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common at all sites; however, unexpectedly D . simulans was at its highest 
numbers in some of the more northerly sites. Seasonal data at two sites 
show D. melanogaster was most common in late summer; D, simulans was in 
too few numbers to show seasonal trends. In Paris David et at, (1984) 
found that D. melanogaster outnumbered D. simulans by about ten to one, 
however both species peaked in numbers in August.
D. simulans does appear to be rare in the more northerly regions of 
Europe. Burla (1951, quoted in Sobels et at, 1954) found only 15 
specimens of D, simulans north of the Swiss Alps compared to 587 to the 
south, and suggested that this was consistent with the North American 
data. However comparing these collection results with those above seems 
to imply that D . simulans is more common in southern Switzerland than in 
most of France and the Netherlands.
D. melanogaster was found to be two to three times more common than 
D. simulans in Scotland (Basden 1954). D, melanogaster was found further 
north at a latitude of over 56° N, although the author believed more 
collecting would be necessary to ascertain that D. simulans was absent 
this far north. D. melanogaster was collected from June to November and 
its numbers peaked in Autumn, whereas D, simulans disappeared in 
November. D, simulans also appears to be less common than D, melanogaster 
in Britain generally and in fact both species are usually outnumbered by 
D, obseura, D. subobseura and others (Shorrocks 1977, Louis 1983).
In contrast to the results of these last studies Muona et al. (1978), 
collecting on a small island in a Helsinki suburb, found both species to 
be rare, but D. simulans was more common and collected in three months of 
the year while D. melanogaster was collected in only one. As Helsinki is 
at latitude 60° N this would in fact suggest that D, melanogaster is not 
more cold-tolerant. Neither species has the overwintering mechanisms of 
the endemic species found in large numbers at this latitude. This was
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also found to be the case by Watabe (1979) in Japan, where the common 
local species develop fat bodies in the abdomen during times of low 
temperature, and the reproductive condition of females changes with 
season. This is not the case with D. busekii, D. immigvans,
D. melanogaster and D» simulans, all of which Watabe concluded must 
hibernate in human-protected warm places.
Pipkin (1952) collected in six sites in Lebanon at differing 
altitudes. Of the nine common species found, D. simulans was dominant at 
all stations except the highest where its numbers were about equal to 
those of D. melanogaster. At the lowest sites D, simulans was present all 
year round with up to three population peaks whereas D. melanogaster had 
minimal numbers all year. At the three highest stations both species 
peaked in November. At the others D» simulans was present from June to 
December and D . melanogaster was still very rare. D. simulans populations 
expanded when the mean monthly temperature was between 11°C and 27°C.
Pipkin (1952) suggested that where both species disappear during 
winter D. melanogaster has an earlier spring awakening from dormancy and 
thus has population peaks at this time, but where D» simulans does not 
disappear during winter D. melanogaster is kept at minimal numbers by its 
apparently superior competitor. Although this would partly reconcile this 
study with Patterson’s, there is no direct evidence for this conclusion, 
and in Lebanon D. simulans in fact appears to be more cold resistant than 
D» melanogaster. The minimum temperatures preceding the beginning of 
winter absence or dormancy were 3°C to 5°C for D. simulans and 6°C to 7°C 
for D. melanogaster.
The pattern that emerges from all these European data is one that is 
patchy in terms of the relative frequency of the two species. D. simulans 
appears to be the predominant species in areas immediately around the 
Mediterranean, both species are reasonably common in parts of central
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Europe, while D. meZanogastev is far more abundant in the regions in 
between. For northern Europe there are only sparse and inconsistent data 
from Finland and Scotland. Within and between studies there is very often 
no consistent relationship between relative abundances and such factors as 
altitude, temperature and the "wildness" of the environment. The seasonal 
patterns found are sometimes similar to North America (D. meZanogastev 
peaking in late spring and £>. simuZans in late summer) but are often 
different.
1.2.4 Africa and South America
As already discussed (section 1.1), D . simuZans and D. meZanogastev 
are believed to have originated in Africa, where in contrast to the other 
continents they are often found independently of human activity (Lemeunier 
and Ashburner 1976). Assuming that they were already present in Europe 
the two species may have reached Latin America with, or soon after, the 
Spanish invasion during the sixteenth century. Another possibility is 
that they migrated from the Caribbean or North America, where they 
probably arrived in the mid-nineteenth century (see section 1.2.2).
Not as many DvosophiZa collection data have been published for Africa 
and South America as for Europe and North America. However,
D . meZanogastev is more abundant in western and central Africa and 
D . simuZans is more abundant in eastern Africa (Tsacas 1979). In fact,
D. simuZans has not been collected west of Nigeria and this includes 
countries such as the Ivory Coast and Benin, where the fauna is regarded 
as being well-known and D. meZanogastev has been found (Tsacas et aZ. 
1981). D. simuZans is also not found in Zaire (central Africa) where 
D . meZanogastev is present, while D* meZanogastev is not found with 
D . simuZans in Zimbabwe, Madagascar or Sudan. The faunas of Zaire and
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Zimbabwe, at least, are well-known (Tsacas et dl. 1981). Both species 
have been found together throughout the rest of central Africa, in South 
Africa and along the African Mediterranean coast, although here 
D . simulans was dominant (Louis 1983). At a site in Congo D. simulans was 
found to be slightly more numerous than D. melanogaster (David et al. 
1984). Both species had fairly similar multiple peaks of abundance 
throughout the year, however these were unrelated to monthly temperature 
which remains almost constant. For the remaining countries of mainland 
Africa collection records are poor or non-existent.
The islands off the coasts of Africa have been well studied and 
present an interesting range of situations. In the Atlantic Ocean,
D. simulans is absent from the Cape Verde Islands where D . melanogaster is 
present while the reverse is true for Tristan da Cunha and St. Helena 
(David and Tsacas 1980, Tsacas et al. 1981). In the Indian Ocean, on 
Mauritious both species are replaced by the sibling species D. mauritiana 
but they are found on the neighbouring island of Reunion (David and Tsacas 
1975). On this island D. simulans is by far the more abundant and its 
mean altitude of capture is much higher than that of D. melanogaster. In 
the Seychelles, where another sibling, D. seyehellii has recently been 
found, D. simulans is common but D. melanogaster is absent (Tsacas et al. 
1981). Neither species is found on Comoros (Tsacas et al. 1981) which is 
closer to the African mainland than Reunion or Madagascar. There is thus 
no apparent pattern to the distribution of the two species on all these 
islands.
D. simulans is common in parts of South America which are 
climatically similar to parts of Africa where it is absent or rare (David 
and Tsacas 1980). It is certainly much commoner than D. melanogaster in 
Brazil where it is sometimes found in "natural" environments away from 
human habitation (Dobzhansky and Pavan 1950, Belo and de Oliveira Filho
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1976). In RmcK-^^lcA D . ananassae is the commonest household species 
(Dobzhansky aand Pavan 1950).
Although Belo and de Oliveira Filho (1976) found a very small 
positive and significant correlation between number of D. simulans and 
temperature and humidity, this cannot explain the very large peak in 
populations of this species observed in Brazil around September, even at 
sites where the temperature is relatively constant all year round 
(Dobzhansky and Pavan 1950, Belo and de Oliveira Filho 1978). Pipkin 
(1965) found a similar situation in Panama. Dobzhansky and Pavan (1950) 
in fact found that D. simulans was one of the two most abundant 
Drosophilids in the Brazilian interior and plateau of Sao Paulo during the 
cooler season. They also pointed out that there is no evidence that any 
of the many seasonal fluctuations of population observed in Brazilian 
Drosophilidae can be "correlated with seasonal constancy or variability of 
the climate as evaluated on the basis of purely meterological elements" 
and are likely to be due to a more complex set of factors. Freire-Maia 
(1964) found that D . simulans was relatively more frequent than 
7). melanogaster in the colder parts of Brazil and Argentina.
D . melanogaster appears to be more frequent in Colombia (Hoenigsberg 
et al. 1977), although Hoenigsberg (1969) described a site where for five 
years D . melanogaster was ten times more common than D . simulans, after 
which £>. simulans became the dominant species and remained so for at least 
the next two years. This change coincided with the building of a road 
destroying some of the vegetation.
In both Africa and South America the species’ relative abundances 
show no linear trend with latitude and differences are found between the 
continents even in regions where climates are similar. There are too few 
seasonal data from which to draw any definite conclusions.
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1.2.5 Australia
D. simulans and D . meianogastev could have been transported to 
Australia by Europeans anytime onwards from 1788, when the first group of 
colonists arrived from England. On this continent the two sibling species 
are almost completely coextensive in distribution, occurring throughout 
the eastern, southern and south-western regions, although the relative 
proportions of the two can vary (Bock 1977). Bock (1977) found 
D, meianogastev somewhat more abundant than D. simulans during summer in 
compost heaps and rotting fruits in Townsville in north Queensland. Five 
other species, including one cosmopolitan, D. ananassaet were more common 
than both siblings. The five other cosmopolitan species were not found. 
Mather (1956) collecting near Brisbane, south-east Queensland from 
fermenting banana traps, found D. simulans far more abundant, comprising 
63% of all species caught while its sibling only constituted 1%.
D* simulans was common all year round but peaked in Autumn (March).
Numbers of D. meianogastev were too low to discern seasonal trends. In 
contrast, later collections from seven southern Queensland sites included 
both species in abundance (Knibb 1982a). In this study the number of 
D. meianogastev was positively and significantly correlated with 
temperature, peaking in March at the hottest time of the year. The number 
of D» simulans was more constant over time although varying more among 
sites. Both species exhibited a winter decline.
McKenzie and Parsons (1974a) collected large numbers of three 
cosmopolitans in Melbourne, each one peaking at a different time of year: 
D. meianogastev in summer, D. simulans in autumn and D. immigvans in 
winter. They found that the D. meianogastev: D. simulans ratio increased 
with increasing daily temperature and also with increasing daily 
temperature fluctuation. These correlations were highly significant, as 
was the correlation between temperature and mean temperature fluctuation 
themselves, but the authors do not state the proportion of variance
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explained by each correlation. In a study of Chateau Tahbilk, a winery in 
Victoria, the species ratio outside the winery varied greatly over time 
(McKenzie 1974). Again D. simulans had its highest relative abundance in 
Autumn.
The small number of published Australian collection studies thus show 
no strong correlation of species frequency with latitude. There are two 
reported seasonal correlations with temperature, from widely separated 
sites in Queensland (Knibb 1982a) and Victoria (McKenzie and Parsons 
1974a), both showing the abundance of D. melanogaster increasing with 
increasing temperature.
1.2.6 Discussion
The geographical patterns of the relative abundances of the two 
species are not consistent among continents. The reasons for this have 
not been explored but it appears that the relative distributions cannot be 
related directly to physical factors. While the general distributions in 
North America and Europe as well as some of the seasonal fluctuations 
observed suggest climatic factors, particularly temperature, are 
controlling the relative abundances of the species, there is enough 
conflicting evidence to invalidate any claim of a general trend. Both the 
European and Australian data are internally inconsistent with regard to 
climatic factors and all the continents appear to have their own 
particular patterns of relative abundance.
These inconsistencies could be due to a number of factors. Although 
the colonisation history of the two species in North America is known to a 
degree (see section 1.2.2), that of the other continents is mostly 
conjectural. It appears that Africa was the origin of both siblings, 
although it may have been Asia (see section 1.1), but that in any case 
they have probably been in Europe and Africa for a long time (section
19
1.2.3). David et dl. (1976) suggested that D. melanogaster, but not 
D. simulans, may also have reached eastern Asia in prehistoric times. The 
reasons for the rarity of the two species in most of Asia are not clear, 
and although it is probable that they were introduced to Australia at the 
time of European settlement, this is also not certain. The time of 
arrival of the species in South America may have been before or after that 
in North America. Thus each continent has most probably had a unique, but 
largely unknown pattern of colonisation and/or range expansion. This 
could result in differing patterns of genetic variation within each 
species among continents, and this might affect relative competitive 
abilities.
Collecting methods often vary with collector but there does not 
appear to be any pattern in the results obtained by different methods. In 
any case enough workers have used methods similar to Patterson (1943) to 
discount this as a major reason for differences in results.
There is often a consistent seasonal variation in numbers with 
D» melanogaster peaking in summer and D. simulans in autumn as described 
by Patterson (1943) in North America. However, there is conflicting 
evidence among sites here also, in particular regarding the role of 
temperature as the controlling factor. The work of Kawanishi and Watanabe 
(1977) is particularly interesting in this regard. They found that 
D. simulans had two population peaks at a site in Japan where it was 
common, and D» melanogaster had a single peak in between them in mid­
summer. Yet at a site where D. simulans was absent D. melanogaster showed 
a clear bimodal seasonal activity avoiding mid-summer. Thus here they 
suggested that the recent invasion of Japan by D. simulans (see section 
1.2.1) has altered the seasonal distribution pattern of £>. melanogaster to 
give a pattern similar to that described by Patterson (1943), but this 
could not be because D* simulans is less cold-tolerant as he suggested.
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Kawanishi and Watanabe (1977) in fact conclude that D. melanogaster is 
more heat-tolerant and has had its breeding season restricted to summer by 
the invasion of its sibling. Indeed, David et al. (1984) compared 
populations of the two species from five sites on three different 
continents and concluded that demographic profiles over seasons are more 
similar between populations of the two species from the same locality, 
than between populations of the same species from different localities.
The long-term changes in relative abundance, such as have occurred in 
Japan, Egypt and Colombia (Kawanishi and Watanabe 1978, Tantawy et al.
1970, Hoenigsberg 1969), as well as some of the absences of one or the 
other species on small islands (David and Tsacas 1981) have never been 
explained. It is interesting, but perhaps not significant, that it has 
been D. simulans that has increased in numbers in all three recorded cases 
of long-term change. Most authors also reported D. simulans as more 
common than D. melanogaster in "wild” habitats (Patterson 1943, Dobzhansky 
and Pavan 1950, Bock 1978, Tsacas 1979, Monclus and Prevosti 1979), 
although the contrary has been reported by some European collectors 
(Hadorn et al. 1952, Sobels et al. 1954).
One large difference among continents is the other Drosophila species 
present, which could possibly affect the dynamics of competition between 
D. melanogaster and D. simulans• Africa is the only continent to have 
other members of the melanogaster sub-group, although the distributions of 
these sibling species do not seem to correlate with those of 
D. melanogaster and D. simulans (Tsacas 1979). The whole melanogaster 
species group is mostly confined to Asia (Throckmorton 1975), where many 
other drosophilids are also found, and Australia too has its own endemic 
drosophilid fauna (Bock 1977). Whereas in the U.S.A. and Mexico 
D. melanogaster and D. simulans together usually constitute over 50% of 
drosopholids collected by fruit bait trapping (Patterson 1943), this is
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not so in European collections where D. subobscura is often the dominant 
species (Hadorn et at. 1952, Sobels et al. 1954, Basden 1954, Shorrocks 
1977). The other cosmopolitans also differ in their abundances among 
continents.
1.3 EFFECTS OF TEMPERATURE
Four major types of experiment have been carried out to examine the 
effects of differences in temperature, and sometimes relative humidity, on 
the comparative fitnesses of populations of the two species. These 
include 1) determining the outcome of competition between species at 
different temperatures, 2) measuring several components of fitness over a 
range of temperatures in single species populations, 3) measuring 
mortality and/or fertility after temperature shock experiments and 4) 
determining the temperature preference of a species in a temperature 
gradient.
1.3.1 Interspecific Competition at Different Temperatures 
Most competition experiments have been undertaken to study the 
dynamics of competition rather then to relate directly to natural 
populations. They are mostly carried out at 25°C and D. melanogaster is 
almost always found to be the superior species, although there is 
variation for competitive ability between strains within each species 
(e.g. Moore 1952b). Variables such as the starting frequency of each 
species, stocks used and type of medium have been found to affect the rate 
of elimination of D. simulans (see Barker 1983 for a review). (As 
D. simulans is almost always eliminated, competition is usually measured 
in terms of the rate of its elimination.) Although these variables are 
important theoretical considerations, they generally cannot be related 
directly to natural populations, particularly as the stocks used in these
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experiments have usually been in the laboratory for a large number of 
generations. Furthermore, mutant stocks and/or stocks derived from only 
one or a few females are usually used; thus, the populations being tested 
are likely to contain less genetic variation than most natural 
populations. Overall, then, most competition experiments undertaken have 
little predictive value with regard to observed natural patterns.
There are three reports of experiments being carried out at 
temperatures other than 25°C. Moore (1952a) and Tantawy and Soliman 
(1967), using population cages, carried out competition experiments 
between D. simulans and D* melanogaster at 15°C and 25°C. Both studies 
found that D. melanogaster eliminates D» simulans at 25°C; however, at 
15°C neither species is eliminated in the time of the experiment (up to 
three years), with D. simulans being in the majority. In a similar 
experiment Montchamp-Moreau (1983) found that D. simulans is completely 
eliminated at 25°C, and D. melanogaster is completely eliminated at 20°C.
Tantawy and Soliman (1967) concluded that as they found larval 
survival to be similar for the two species at both temperatures, the 
reason for the results must be the relative differences in fecundity 
between the two species at these temperatures. However, Moore (1952a) 
found that this is not so; D. simulans lays relatively few eggs at 15°C.
He also found that the dynamics of the competition are affected by such 
things as the rate of changing food cups in the cages, the age and type of 
media, and the selection of eggs laid on the rim or centre of a media 
cup. One major weakness of Moore's work is that all his stocks were 
derived from four or fewer wild females and thus are unlikely to be 
representative of the genetic variaton of a natural population.
Montchamp-Moreau (1983) found that the results of competition at the two 
temperatures were apparently due mainly to D. simulans developing more 
quickly than D. melanogaster at 20°C, but less quickly at 25°C; although
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there are also slight differences between these temperatures in the 
relative fertilities and larvae-adult viabilities of the two species.
The three competition experiments carried out are thus consistent in 
so much as D . melanogaster has the advantage at 23°C and D. simulans at 
15°C and 20°C. However, the three experiments give different results in 
terms of the components of fitness primarily affected. Further work 
specifically comparing the effects of different temperatures on components 
of fitness in the two species is reviewed below.
1.3.2 Effects of Temperature on Components of Fitness 
in Single Species Cultures
Components of fitness, specifically development time, egg-to-aduit or 
larva-to-adult viability and sex ratio, have been measured for the two 
species, usually at temperatures in a range from about 10°C to 30°C.
The range of temperatures at which eggs will produce adults varies 
slightly among populations within each species. The minimum such 
temperature for both species was found to be 10°C by Tantawy and Mallah 
(1961) and 12°C by Cohet et al. (1980); in both cases the maximum 
temperature for D. melanogaster (32°C) was found to be slightly higher (by 
0.5°C to 1°C) than that for D. simulans• At least some stocks of 
D . melanogaster can be bred continously at 31°C while D. simulans normally 
becomes extinct after one or two generations (Plough and Strauss 1923).
The development times of the two species are very similar at each 
temperature although that of D. simulans is generally slightly less (Moore 
1952a, Tantawy and Soliman 1967, McKenzie 1978, Cohet et at. 1980). At 
15°C and 25°C the development time of D. simulans is always less at six 
different larval densities and in single and mixed cultures (Tantawy and 
Soliman 1967). The situation was found to be reversed at 30°C and over by 
Cohet et al. (1980) but not by McKenzie (1978).
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McKenzie (1978) found that egg-to-adult viability varies similarly 
across temperatures for the two species, from 12°C to 30°C. In contrast 
Tantawy and Mallah (1961) obtained the maximum percentage emergence at 
25°C for D. melanogaster and at 22°C for D * simulans. They also reported 
a higher sensitivity of D. simulans to temperatures of 30°C and greater. 
Measuring larva-to-adult viability, Cohet et al. (1980) found a similar 
result at these high temperatures, but that at lower temperatures the 
species are similar.
In Tantawy’s and Soliman's (1967) experiments at 15°C and 25°C,
D. simulans always has a higher emergence than D. melanogaster, except at 
very high larval densities (much higher than used in the other reports) at 
25°C. Both Tantavry and Mallah (1961) and Cohet et al. (1980) found 
differences between populations of one species from different areas. The 
heterogeneity of the egg-to-adult survival results could thus be at least 
partly due to the differences in origin of stocks, particularly as 
McKenzie (1978) was using Australian stocks and the others were all 
African or European stocks. If this were so it would imply that 
Australian D. simulans are possibly more competitive with D. melanogaster 
at high temperatures than those from Africa and Europe. However, 
differences in experimental procedure may also account for some variation 
in results.
Sex ratio amongst adults is consistently near 1:1 at intermediate 
temperatures but there is always an excess of females in both species at 
low and high temperatures, which is considered to be an indication of a 
stressful environment (Tantawy and Mallah 1961, Tantawy and Soliman 1967, 
McKenzie 1978).
McKenzie (1978) carried out a further series of experiments at 23°C 
with flies that had developed to adults at different temperatures from 
12°C to 30°C. In these experiments there are differences between the
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species in longevity, mating propensity (speed), fecundity and 
fertility. Overall D. melanogaster is superior for the four traits.
D. melanogaster lives longer regardless of developmental temperature 
although the difference is not great for the lowest temperatures. It has 
a fairly consistent mating propensity for developmental temperatures from 
15°C to 28°C, whereas D. simulans peaks at 20°C, the only temperature for 
which it mates more quickly than D. melanogaster. A similar pattern 
results for the number of eggs laid per female (fecundity). In the next 
generation the egg-to-adult survival of D. simulans is lower than that of 
D. melanogaster for offspring whose mothers developed at one of the higher 
temperatures.
These results of McKenzie (1978) indicate that the fitness of 
D . melanogaster at 25°C is less affected by previous exposure to high 
developmental temperatures than D . simulans. This could be because 
D . melanogaster is better adapted to higher temperatures for the measured 
traits or because it has a greater phenotypic plasticity for temperature 
response. However it is possible that D . simulans adapts to higher 
developmental temperatures in at least some respects but the adult fly 
cannot then reacclimate as well to 25°C.
Thus, of development time, viability and sex ratio, large differences 
between the species in their temperature responses have only been found 
for egg(larva)-to-adult viability. Even results for this are very 
inconsistent among experiments, although there is an indication that 
D. simulans has a lower emergence at very high temperatures (30°C and 
above). Other components of fitness such as mating propensity, fecundity 
and fertility, may be important, as indicated by McKenzie's (1978) work. 
Although his results possibly indicate that D. melanogaster has an 
advantage for these traits at higher temperatures, because of the nature 
of the experiment they can be interpreted in other ways.
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1.3.3 Effects of Temperature Shock Treatments 
Temperature and desiccation shock experiments involve submitting 
flies to extremely high temperatures (and/or 0% relative humidity) or 
extremely low temperatures for a fixed period of time, after which the 
mortality rate and sometimes the fertility of survivors are measured. The 
majority of such work on the two sibling species has been carried out by 
Parsons and his colleagues on Australian populations (McKenzie and Parsons 
1974b, Parsons 1977a, 1979a, 1980a, Parsons and McDonald 1978, Parsons and 
Stanley 1981a, Stanley et al. 1980, and Stanley and Parsons 1981). Their 
results can be summarised as follows:
(a) high temperature shock:
(1) 100% relative humidity: D. simulans has the greater
mortality at 32°C after 24 hours or at 34°C after 6 hours. At 
lower temperatures for these time intervals both species remain 
alive and fertile, while at higher temperatures all flies of 
both species die.
(2) 0% relative humidity (desiccation resistance): More
D. melanogastev are alive and fertile at 20°C and 25°C after 24 
hours or at 28°C, 30°C, 32°C and 34°C after 6 hours. Both 
species have total mortality at higher temperatures for these 
respective time intervals.
Both (1) and (2) are true for comparisons of populations of the two 
species from Townsville, Queensland (19° 16’ S, 146° 49* E),
Brisbane, Queensland (27° 28f S, 153° 1’ E) and Melbourne, Victoria 
(37° 49' S, 144° 58' E), however mortalities vary among populations 
from these three localities within both species.
(b) low temperature shock:
For populations from Melbourne D. melanogaster has a
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significantly higher LT^q (i.e. the time it takes for 50% of the 
test population to die) at -1°C, while for populations from 
Townsville the opposite is the case.
The results in (a) from high temperature shock experiments show that 
D . melanogaster is superior in tolerance to conditions of high temperature 
and low humidity. However, the heat desiccation resistance of both 
species varies between populations. Stanley and Parsons (1981) also found 
differences in heat-shock mortalities between three further Australian 
D. melanogaster populations. McKenzie and Parsons (1974b) studied the 
genetics of desiccation at 25°C for populations of the two species from 
Melbourne and Brisbane. All populations exhibit addr-HWC- genetic variance 
and all except one (Melbourne D . simulans) also show significant cAownoan'h 
genetic variation for resistance to desiccation. For the Melbourne 
D. simulans population there is a significant positive correlation between 
desiccation resistance and the mean temperature of the month of 
collection.
From the results of cold-shock experiments in (b) Parsons (1977a) 
suggested that the resistance to cold stress of D. melanogaster, but not 
D. simulans, varies among populations from different environments; since 
the two D. simulans populations tested are similar, but the Melbourne 
D . melanogaster population has a much higher survival under cold stress 
than the Townsville population. However, no definite conclusions about 
comparative levels of variation within the two species can be drawn from 
such a small number of populations.
Levins (1969) carried out high temperature shock experiments of a 
similar kind at 37-38°C (100% humidity) except that the flies tested were 
acclimated, either as adults or during development, at different 
temperatures (usually 13°C, 23°C and 29°C). He did not give absolute
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survival times, but only the relative mean survival times among the three 
acclimation treatments within a species. These show that D. melanogaster 
acclimates readily, whereas D, simulans has a variable ability to do so, 
heat resistance depending on the origin of the population. Levins 
interpreted this as meaning D. melanogaster depends more on developmental 
flexibility and physiological acclimation rather than on genetic 
differentiation of populations, whereas the opposite is the case for 
D. simulans•
Despite the one correlation found for Melbourne D. simulans by 
McKenzie and Parsons (1974b) between desiccation resistance and 
temperature at time of collection, it is difficult to gauge the relevance 
of temperature shock experiments to natural populations. Although flies 
are found in environments where such extremes can be measured (Parsons 
1978), the actual temperature and humidity a fly encounters are unknown. 
Further, as Levins (1969) points out, the length of time of exposure to a 
stress is critical as to whether the stress is trivial, maximises 
differences between species or populations, or causes complete 
mortality. No direct evidence appears to have been found that large 
numbers of flies die frequently from such stresses in nature. The only 
evidence of the effect of temperature that can be directly related to 
flies in the wild concerns the minimum temperatures at which they appear 
to be able to oviposit (Michelbacher and Middlekauf 1954) and to mate 
(McKenzie 1975); and such experiments have only been carried out with 
D» melanogaster. McKenzie (1974) also reported that neither species could 
be found in a winery in any life stage other than the adult form when the 
minimum temperature fell below 13°C.
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1.3.4 Temperature Gradients
Prince and Parsons (1977) introduced flies of the two species to a 
temperature gradient from 16.5°C to 36.5°C at 100% relative humidity. The 
gradient is established in a rectangular chamber (48cm long, 11cm high, 
3.3cm long) which is heated at one end with the temperature decreasing 
along its length almost to room temperature at the other end. After a 
number of hours the mean position of D. simutans was found to be at 28.9°C 
and that of D. metanogaster at 32.1°C. Prince and Parsons (1977) 
suggested that the preferred temperature may be the one at which 
metabolism (e.g. digestion or egg production) is most efficient. In a 
similar experiment carried out at 0% humidity instead of 100%, Prince and 
Parsons (1977) found that after a period of little movement, both species 
move rapidly to the lower end of the gradient; this took. 6 hours for 
D. simutans and 12 hours for D. metanogaster.
Zwicky (1948, reported in David et at. 1983) carried out a similar 
experiment and obtained values for mean positions in the gradient of 
23.5°C for D. simutans and 24.2°C for D. metanogaster. Unfortunately, 
David et at. (1983) did not state whether Zwicky controlled humidity. 
Nevertheless both studies suggest that D. metanogaster prefers a higher 
temperature than D. simutans.
1.3.5 Discussion
The only straightforward experimental evidence of an effect of 
temperature on the relative abundances of the two species is from the 
results of the competition experiments. These suggest that D. simutans 
competes better at lower temperatures, although the data are not precise 
enough to indicate the extent of this difference. Experiments examining 
individual components of fitness show that both species have similar 
limiting temperatures for breeding (lower limit 10°C or 12°C, upper limit
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about 30°C), but along with the temperature gradient studies, suggest that 
D. melanogaster is better adapted to temperatures near the upper limit. 
However, results from these experiments show few consistent differences 
between the species for particular fitness traits, and thus provide no 
clear explanation of the mechanisms underlying the outcomes of competition 
at different temperatures.
It is possible that the discrepancies among the results of the 
fitness component studies are at least partly a result of variation among 
populations; certainly interpopulation differences within each species are 
evident in the temperature shock results. The latter show that for 
populations from three localities D. melanogaster has greater resistance 
to extremes of heat/ desiccation. Parsons (1977a) suggested that this 
species also has a greater resistance than D. simulans to cold stress in 
populations for which such resistance is adaptive. However there is 
little evidence as yet that these results are directly relevant to natural 
populations. It is possible that they somehow reflect reactions to less 
stressful temperatures more usually experienced by a fly, but it is not 
clear how, particularly in the light of the components of fitness 
results. Furthermore, the discovery in both species of heat shock genes, 
that appear only to be transcriptionally active at high temperatures (e.g. 
Leigh Brown and Ish-Horowicz 1981), indicates that different mechanisms 
may be operating under heat shock than under more normal conditions.
Parsons and Stanley (1981a) suggested that the relevance of 
temperature shock experiments to natural populations is supported by the 
greater abundance of D . melanogaster, as compared to D . svmulans, at 
higher altitudes, in colder regions and in regions of large temperature 
fluctuations. However, the evidence discussed in section 1.2 casts some 
doubt on this suggestion. Furthermore, from Parsons’ (1983) data for all 
the eight cosmopolitan species, except for the extreme cases (D. ananassae
31
and P. funebris), there appears to be only a very approximate correlation 
between the species' geographical distributions and their respective 
survivals under both types of temperature shock.
1.4 ENVIRONMENTAL ALCOHOL
1.4.1 Introduction
Alcohols, particularly ethanol, are important environmental
substrates for many species of Drosophila which live and breed in
fermenting fruits (David and Bocquet 1976). It has been shown in the
laboratory that such species, as a group, have some tolerance to ethanol
and can often utilise it as a food source (Bouletreau and David 1981).
D. simulans has an ethanol tolerance towards the upper end of the
tolerance range of this group. By comparison, species which breed in
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fungi, decaying leaves or flowers tend to be ethanol sensitive (^ouletreau 
and David 1981).
Three species, D . melanogaster, D. lebanonensis and P. virilis, are 
set apart by having a markedly high ethanol tolerance. This has been 
correlated with their ability to thrive in situations where human 
activities involve fermentation. P. melanogaster and D . lebanonensis are 
both found in large numbers in wine-cellars, the former world-wide and the 
latter in Europe, while P. virilis is abundant in Japanese beer factories 
(David and Kitagawa 1982). Other species, including P. simulans, are 
rarely found in such environments (McKenzie 1974, David and Bocquet 1976, 
Monclus and Prevosti 1979, Marks et al. 1980, Parsons 1980b, Gibson et at. 
1981).
It has been suggested that the differences in alcohol tolerance among 
species are due to the action of some enzymes, most significantly alcohol 
dehydrogenase (e.g. Moxon et al. 1982). The following sections (1.4.2 to 
1.4.5) will examine the results of laboratory alcohol (mainly ethanol)
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tolerance tests that have been carried out for D. melanogaster and 
D» simulans, which include experiments on adult survival, larval 
development, oviposition preference and larval choice. The correlations 
between ethanol tolerance and tolerance to related substances (section 
1.4.6), enzyme activity (1.4.7) and the ecology of the two species (1.4.8) 
will then be considered.
1.4.2 Adult Survival
It has been suggested that whereas high concentrations of ethanol are 
detrimental to adult Drosophila, low concentrations can be beneficially 
utilised as a food source (e.g. Parsons and Stanley 1981b, van Herrewege 
and David 1984). This distinction is important particularly as tolerance 
appears to be partly independent of the capacity for the metabolic use of 
ethanol; ethanol tolerance can be increased by selection but this is not 
always accompanied by more effective use of this substance (van Herrewege 
and David 1980, 1984, Oakeshott et dl. 1985). Thus, depending on the 
conditions of the experiment, an adult survival test is measuring some 
combination of tolerance to ethanol and the ability to utilise ethanol as 
an energy source. These experiments have generally been carried out in 
three ways:
1) ethanol vapour test: measuring the longevity of flies subjected to
alcohol fumes. This is done by placing the flies in an air-tight 
apparatus separated by a porous membrane from cottonwool or other 
material soaked in a solution of alcohol in water.
2) ethanol vapour test with sucrose supplement: as in 1) but in this case
the flies are in direct contact with the cotton wool and sucrose is 
added to the solution.
3) ethanol food medium test: measuring the survival of flies placed for a
set time on laboratory media supplemented with various concentrations
of alcohol.
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The first type of experiment, in which ethanol is the only food source, is 
mainly measuring the effectiveness of ethanol utilisation, as shown by the 
fact that a low concentration of ethanol prolongs longevity compared to 
the distilled water controls in which considerable mortality is generally 
recorded after a short exposure. On the other hand, the third type of 
test is mainly measuring ethanol tolerance, usually to relatively high 
ethanol concentrations. The second test type is intermediate between the 
other two, and the relative importance of utilisation and tolerance 
depends on whether the flies used are starved or well-fed before beginning 
the experiment (van Herrewege and David 1980). However, given that 
tolerance and utilisation depend at least partly on different and largely 
unknown biological mechanisms, then their exact roles in each test are 
impossible to determine, particularly as all the components of natural 
food sources are not present in any of the tests.
In all the experiments the general results have been similar in that 
D. melanogaster has a higher rate of survival than D. simulans on all 
ethanol concentrations up to at least 12%. Specific results for each type 
of test are as follows:
1) Ethanol vapour test: The optimum concentration at which longevity is
greatest is around 3% for Z). melanogaster (longevity = about four 
times that of control) and about 1% for D» simulans (longevity = 
about twice control). The threshold concentrations at which the 
beneficial and toxic effects of ethanol balance (so that longevity 
equals that at 0%) are about 9% and 3% for D. melanogaster and 
D. simulans respectively. D, melanogaster produces larvae at 
concentrations up to 9% and D. simulans at concentrations up to 3%.
At 0.5% only, some D. melanogaster larvae (but no D. simulans larvae) 
develop into adults. (Parsons et al. 1979, Parsons 1980b, 1981,
1982, van Herrewege and David 1980, 1984, Parsons and Spence 1981a, 
b, Daggard 1981, Ziolo and Parsons 1982).
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2)
3)
Ethanol vapour test with sucrose supplement: Survival is expressed in
terms of an LC^q for a specified length of time, where LC stands for 
lethal concentration. For any time period up to four days the LC^q 
of D. melanogastev is two to three times that of V, simulans (David 
et al. 1974, David and Bocquet 1976). Increases in tolerance to 
these conditions due to selection are more dramatic and variable 
among populations for D. melanogastev than D. simulans (David et at. 
1977b, van Herrewege and David 1980). This type of test has also 
been used for testing the effects of other alcohols, which are much 
more toxic to both species than ethanol. Survival on the primary 
alcohols, methanol and propanol, compared to that on ethanol is about 
20% for D . melanogastev and 40% for D. simulans and decreases further 
for both species on alcohols of increasing molecular length (David 
and Bocquet 1976). Secondary alcohols are more toxic than the 
corresponding primary alcohols. Although D. melanogastev has the 
higher survival of the two species on any alcohol, the difference 
between them varies with alcohol and is greatest on ethanol (David
and Bocquet 1976, Daggard 1981).
Ethanol food medium test: Both species have low mortality on 2% and 3%
ethanol. D. simulans exhibits increasing mortality on concentrations 
of 4%, 6%, 8% and 9% but D . melanogastev has only a slight increase 
in mortality at these levels (McKenzie and Parsons 1972, Dickinson et 
al. 1984). Consistent with these results are those of Arthur (1980a, 
b) who found that in competition at 25°C D. simulans is superior on 
0% ethanol and D . melanogastev on 8%, while on 4% results are not 
consistent across replicates. (The results on 0%, where D. simulans 
replaces D. melanogastev, are different from most other competition 
experiments at 25°C, where the reverse occurs (section 1.3.1). This 
is possibly because mutant stocks were used, the D. melanogastev one
in particular carrying three visible mutations.)
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Temperature has been found to affect results of ethanol tolerance tests 
obtained for both species by Parsons et al, (1979) and Parsons and Spence 
(1981a) (ethanol vapour tests), and for D, simulans only by McKenzie and 
Parsons (1972) (ethanol food medium tests).
McKenzie and Parsons (1972) also found that the survival of 
D. simulans varied significantly among different strains extracted from a 
single population, but that this was not so for D. melanogastev, However, 
using ethanol vapour with sucrose tests, David et al, (1974) and David and 
Bocquet (1976) found that there is greater variation among populations 
from different localities for D, melanogastev than D, simulans. In fact 
there is a latitudinal cline in the northern hemisphere for the former 
species such that its LC^q increases with latitude from 7.5% at the 
equator to near 20% at over 40°N (David and Bocquet 1975a). A 
complementary cline is present in Australia (Anderson 1982, ethanol food 
medium tests). D. simulans has no such cline in the northern hemisphere 
with the bC^Q around 5% at all latitudes (David and Bocquet 1975a, see 
also Cohan and Graf 1985), but geographical variation in its tolerance has 
not been investigated in the southern hemisphere.
1.4.3 Larval Development and Survival
Parsons et al. (1979) found that D, simulans has a shorter 
development time than D. melanogastev on 0%, 1.5% and 3% ethanol 
supplemented media but that this is reversed on 6% and 9%.
Parsons et al, (1979) also found that the larva-to-adult survival of 
both species is relatively unaffected on concentrations up to 3% and 
almost zero on 9%, while on 6% it is much greater for D. melanogastev than 
for D. simulans, McKenzie and Parsons (1972) had similar results, 
although D, melanogastev had a greater survival on 9% and there was not 
such a clear-cut difference between the species on 6%. In contrast,
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Dickinson et dl» (1984) found that larva-to-adult survival is similar for 
the two species on 4%, 8% and 12% ethanol, even though for adults of the 
same stocks D» melanogaster has a significantly higher survival than 
D. simulans on these concentrations. Discrepancies between studies of 
larva-to-adult survival could be due to different experimental methods and 
populations; however it is interesting that such differences do not 
greatly affect the relative adult survival rates of the two species 
(section 1.4.2).
1.4.4 Oviposition Preference
In these experiments females are given the choice between laying eggs 
on normal or alcohol-impregnated media. Three groups of experimenters 
give three different results in the relative preferences of the sibling 
species. McKenzie and Parsons (1972) found that D. simulans has a 
definite oviposition preference for 0% over 9% ethanol, while one strain 
of D . melanogaster shows no preference and another a slight preference for 
9%. King et al. (1976) found that for both species there are strains that 
prefer ethanol and strains that show no preference.
Richmond and Gerking (1979) could not obtain consistently repeatable 
results using the methods of the two previous experiments. The other 
experimenters used a dish divided into two equal areas of media of 
different ethanol concentrations. Richmond and Gerking (1979) found that 
more reliable results could be obtained if the dish is divided into many 
smaller areas, with an equal number of each of the two concentrations 
being tested. Four strains of D» melanogaster and one of D. simulans were 
tested and all showed a strong preference for 9% ethanol over the 
control. There are no significant differences between any of the five 
strains and the proportion of eggs laid on the ethanol medium ranged from 
88% to 97%. The most that can be concluded from all this work is that
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there is no consistent difference between the species with regard to 
oviposition preference for ethanol.
1.4.5 Larval Choice
These experiments involve placing larvae in a dish where they have 
the choice of moving to agar with or without ethanol, preference for 
ethanol being measured as the proportion of larvae moving towards it after 
a fixed time period. Parsons and his co-workers (Parsons 1977b, 1979b, 
Parsons and King 1977, Parsons and Spence 1980, 1981b) have found that 
D. melanogaster larvae have a higher preference for ethanol than 
D. simulans larvae. The highest preferences are shown at 6-9% and 1.5% 
respectively. There is variation among lines from different localities 
and isofemale lines from the same locality, but this heterogeneity is 
greater for D. melanogaster.
In contradiction to these findings are those of Gelfand and McDonald 
(1983). They found that the highest preference shown by D. simulans is 
for 4% ethanol whereas D. melanogaster shows no preference for ethanol up 
to 6% and exhibits avoidance of ethanol levels above this. Although there 
are some differences in experimental conditions* these do not appear great 
enough to account for the discrepancy in results. A possible reason for 
it could be the different origin of the strains, Parsons having scored 
three populations from Australia and Gelfand and McDonald (1983) using 
only one from the U.S.A.
1.4.6 Substances Associated with Ethanol 
Acetaldehyde, which is produced from ethanol in the fly, is highly 
toxic unless rapidly transformed by the fly into acetate; this is a 
precurser for two important metabolic functions, fatty acid synthesis and 
the production of CO2 via the citric acid cycle (Middleton and Kacser
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1983). Adult survival tests, similar to those carried out with ethanol 
vapour, have shown that D. melanogaster and D. simulans have a similar 
tolerance to acetaldehyde, longevity being greatest at about 0.1% (Parsons 
and Spence 1981c, Moxon et al. 1982). Parsons and Spence (1981c) also 
found that the larvae of both species were attracted to concentrations of 
this magnitude.
However, Gelfand and McDonald (1983) found that larvae of both 
species showed no statistically significant attraction or avoidance on any 
concentrations up to 3%. This discrepancy could again be due to 
differences among the stocks used. In any case, despite the conflicting 
results the two species appear to be similarly affected by acetaldehyde.
Larvae of both species have been found to be highly attracted to low 
concentrations of ethyl acetate (0.003 to 0.3%), acetic acid (0.4%) and 
lactic acid (2%) (Parsons 1979b, Parsons and Spence 1981b). Acetic acid, 
like acetate, is produced during the metabolism of ethanol and all three 
substances are likely to be found in fermenting fruits in association with 
ethanol (Parsons 1980c). D . melanogaster adults are more tolerant of and 
its larvae more attracted to higher acetic acid concentrations (>0.4%) 
than those of D. simulans (Parsons 1980c, 1982, Parsons and Spence 1981b).
1.4.7 Alcohol Dehydrogenase and Other Enzymes
Alcohol dehydrogenase is known to catalyse the oxidation of ethanol 
to acetaldehyde in D. melanogaster (e.g. Middleton and Kacser 1983) and is 
thus thought to be important for tolerance to ethanol in Drosophila 
species. It is known that D. melanogaster flies that are homozygous null
at the single Adh structural locus, and have no measurable ADH activity,
1die when exposed to ethanol (e.g. Schwartz and Sofer 1976). Furthermore, 
there are general positive correlations across several Drosophila species
for ethanol tolerances, ADH activities and the environmental ethanol
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levels in their natural food sources (Holmes et at. 1980, Parsons 1980b, 
1981, 1982, Daggard 1981, Moxon et at, 1982, Oakeshott et at, 1982a,
Gelfand and McDonald 1983), although some authors disagree on the relative 
tolerances of particular species (e.g. David et at, 1974, Parsons 1982).
D. metanogaster is polymorphic at the Adh locus for two common 
electrophoretic variants, fast (F) and slow (S) (e.g. Anderson 1981, 
Oakeshott et at. 1982b), while D . simutans to date has been found to be 
monomorphic at this locus. On average the D. metanogaster FF homozygote 
has two to three times the ADH activity of the SS homozygote (the FS 
heterozygote being intermediate; Gibson and Oakeshott 1982), while the 
activity of D. metanogaster SS is about twice that of D. simutans. This 
means that the average ADH activity of D. metanogaster is from two to five 
times that of D. simutans (Daggard 1981, Oakeshott et at. 1982a, Gelfand 
and McDonald 1983), which correlates with the large difference in ethanol 
tolerance between the species. However, Dickinson et at. (1984) found 
that the difference between larval ADH activities of the two species is 
not nearly as large as between adult activities. The ratios for the 
stocks they assayed (D. metanogaster FF: D. simutans) are about 4.2 for 
adults but only 1.5 for larvae. These authors suggested that this is the 
reason that larvae of the two species have similar tolerances, as measured 
by them (see section 1.4.3).
Many experimentecshave tried to demonstrate that selection is acting 
on the Adh locus in D. metanogaster due to differences in ethanol 
tolerances among the three common genotypes (FF, FS, SS). Several authors 
have claimed that such selection does occur (see van Delden 1982); however 
much of the evidence is contradictory and this hypothesis has many 
problems (see Oakeshott et at. 1980, Oakeshott and Gibson 1981, Gibson and 
Oakeshott 1982 for reviews). Further, Middleton and Kacser (1983) have 
been unable to find in vivo differences between the Adh genotypes in the 
conversion of radioactively marked ethanol into CO2 and lipids.
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It appears likely then that, at most, ethanol tolerance is only 
partly dependent on ADH. The enzyme which catalyses the production of 
acetate from acetaldehyde in vivo is unknown but could be aldehyde oxidase 
(ALDOX, E.C. 1.2.3.1). Daggard (1981) found that the relative ethanol 
tolerances of four cosmopolitan species, including D. melanogaster and 
D. simulans, could be better explained by considering both ADH and ALDOX 
activity levels than by ADH alone. However, Moxon et at. (1982) found 
ALDOX activity was not relevant to ethanol tolerence among 20 species, 
including the above four, and in contrast to Daggard (1981), found that 
D. simulans had a higher activity for this enzyme than D. melanogaster. 
Furthermore, D. melanogaster which are homozygous null at the Aldox locus 
have normal ethanol tolerance (David et al. 1978).
Heinstra et al. (1983) have shown that ADH itself can also catalyse 
the conversion of acetaldehyde to acetate in vitro. If this is occurring 
in vivo then it is not clear how it relates to the fact that the two 
species have similar tolerances to acetaldehyde in laboratory medium 
(section 1.4.6).
1.4.8 Field Experiments
It has often been suggested that the large differences in ethanol 
tolerance between D. melanogaster and D. simulans demonstrated in the 
laboratory are relevant to natural populations of the species (e.g. 
Parsons 1983). However the level of ethanol experienced by such natural 
populations has rarely been carefully measured.
Two important ecological studies have been done. Atkinson and 
Shorrocks (1977) recorded the Drosophila species emerging from eggs laid 
in discarded fruit and vegetables brought back to the laboratory from an 
English market. Oakeshott et al. (1982a) examined the proportions of 
species collected from, and emerging from eggs laid in, traps baited with
different fruits and vegetables in a suburban Canberra compost heap. In 
the first study D. melanogaster was more common than D. simulans whereas 
in the second D. simulans was the majority species. Both studies found 
that D. melanogaster has a high preference for fruit over vegetables. 
Atkinson and Shorrocks (1977) also classed D. simulans as a fruit 
"specialist" but Oakeshott et al. (1982a) found it to be more of a 
"generalist", being almost as common on vegetables as fruits. This 
discrepancy could reflect differences between the studies in the relative 
frequencies of the sibling species, and of other Drosophila species 
present in the collections.
Oakeshott et al. (1982a) also measured the mean ethanol 
concentrations of the fruit and vegetables used as baits. Mean 
concentrations range from 0.03% (vegetables) to 2.07% (pears), although 
individual samples of fruit have levels as high as 3% (see also Gibson et 
al. 1981). There is a positive correlation between the frequencies of 
both the sibling species and the ethanol contents of the baits, but this 
correlation is only statistically significant for D. melanogaster. Three 
other species (D . immigrans, D. nydei and D. busekii) were also trapped at 
low frequencies and there are negative correlations between their 
frequencies and bait ethanol contents. It is interesting that this should 
be so for D. hydei which has a much higher ADH activity than D. simulans 
(Oakeshott et al. 1982a) and is more tolerant of ethanol in the laboratory 
(Parsons 1982).
Other authors have found that D. melanogaster and D. simulans have 
different preferences for grapefruit, lemons and oranges (Atkinson 1981), 
orange, grape and apple juice (Kawanishi and Lee 1978), lemons (Prince and 
Parsons 1980) and apples (Marks et al. 1981). Except that apple baits 
appear to be particularly attractive to D. simulans, no differences in 
preference has been found which is consistent in all six studies.
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Relative preferences are probably greatly influenced by the range of foods 
and Drosophila species present. The attractiveness of banana bait was 
found to vary among seven cosmopolitan species depending on the age and pH 
(and thus possibly the ethanol content) of the banana (Atkinson 1977).
D. melanogaster and D. simulans are distinct from the other species in 
both being attracted to the lowest pH (about 4) and thus probably the 
highest ethanol level.
Ethanol tolerance would seem to be most important in the winery 
environment where D. melanogaster thrives but D. simulans is normally 
scarce, even when common nearby (McKenzie 1974, David and Bocquet 1976, 
Monclus and Prevosti 1979, Anderson 1978, Marks et al. 1980, Gibson et al. 
1981). Furthermore, McKenzie (1974) and Marks et al. (1980) both found 
that the frequency of D. simulans close to a winery varied with season, 
being lower at the time of vintage when grapes were being crushed and 
ethanol levels would be the highest.
Only a few studies have measured levels of ethanol in the wine 
seepages in which Drosophila live and breed. McKenzie and McKechnie 
(1979) measured the ethanol level’s in a pile of grape residues outside the 
Chateau Tahbilk winery in central north Victoria, and found that they 
varied greatly with depth and the stage of decomposition. D. melanogaster 
is found in all life stages at levels of up to 7% but D. simulans larvae 
are not found at concentrations of above 3%. Larvae of neither species 
are present at the highest ethanol levels, which were up to 12%. However, 
the authors postulate that acetic acid concentration and temperature could 
also affect the distribution of the two species within the grape pile.
Gibson et al. (1981) reported that the mean ethanol levels of large 
samples of seepages from seven wineries were 0.87% for unfortified wines 
and 2.83% for fortified wines, the respective ranges being 0 to 4.5% and 
0.07 to 10.78%. McKenzie and McKechnie (19%l) found that levels in the
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Chateau Tahbilk winery ranged from 0.02% to 22%, but that less than 2% was 
common. Thus, ethanol levels in unfortified and many fortified wine 
seepages are no greater than those in decaying fruits (Oakeshott et at. 
1982a), and so the majority of winery environments are in the tolerance 
range of D. simulans.
1.4.9 Discussion
The clearest difference between D. melanogaster and D. simulans that 
can be measured in the laboratory is probably that for adult survival on 
ethanol medium or in an ethanol atmosphere. It appears that 
D . melanogaster adults have both a higher tolerance of ethanol, 
particularly at concentrations over 5%, and are also more able to utilise 
ethanol as a food source at lower concentrations; although it is difficult 
to accurately partition the effects of tolerance and utilisation ability.
What, however, is the relevance of these laboratory differences to 
the comparative ecologies of natural populations of the two species?
Field studies show that levels of ethanol encountered by natural 
populations are generally within the measured utilisation or tolerance 
range of D. simulans. D. melanogaster has some preference for fermenting 
fruits with the highest ethanol contents, but the preference of 
D. simulans is apparently unaffected by ethanol level. This suggests 
that, although differences in adult utilisation ability may be of minor 
importance, adult survival tests may be largely irrelevant to natural 
populations.
Since the larvae of both species actually live in fermenting fruits, 
it is probably the reaction to ethanol of this life stage which is most 
important. And laboratory experiments on larva-to-adult survival, 
oviposition preference and larval choice are either inconsistent or show 
no clear difference between the species. Some of the discrepancies
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between studies may be due to variation between populations. However, the 
general result is that laboratory studies show no clear difference between 
species in the effects of ethanol (at levels generally found in the 
environment) on the components of fitness most likely to be relevant to 
natural populations.
Although high ethanol utilisation ability may be most advantageous in 
winery cellars, the absence of D, simulans from wineries does not appear 
to be due solely to its low ethanol tolerance or utilisation ability, 
since ethanol levels in winery substrates are mostly of the same order as 
those found in fermenting fruits. The reason for the absence of this 
species from winery cellars may in fact be its tendency to avoid human 
constructions, due to its strong positive photopreference (Kawanishi and 
Watanabe 1978, Fuyama and Watada 1981, see Appendix I).
The role of ADH in ethanol tolerance is unclear. It appears likely 
that a minimum level of ADH activity is necessary for tolerance to and/or 
utilisation of the ethanol concentrations encountered by Drosophila 
breeding in fermenting fruit. Thus, these species have both greater 
ethanol tolerances and ADH activities than Drosophila which breed in 
fungi, flowers or decaying leaves (Bouletreau and David 1981). However, 
this does not necessarily imply that there is a causal relationship 
between ADH activity and ethanol tolerance at a finer level among the 
fruit-breeding species. It remains to be shown that D. melanogaster has a 
higher adult survival on ethanol than D. simulans because of the former's 
higher ADH activity.
CHAPTER TWO
MATERIALS AND METHODS
2.1 CULTURING
Flies were maitained in "standard” 250ml clear plastic bottles capped 
with foam tops and containing 50ml of food medium which was made according 
to the following recipe:
agar 10g
active dried yeast 6g
sucrose 26g
glucose 50g
maize meal 50g
wheatgerm 22g
Water is added to these dry ingredients to make one litre of mixture which 
is heated to simmering and then cooled to approximately 50°C, when 2.5ml 
of fungicidal acid mix is added (54.1% water, 41.8% propionic acid and 
4.1% orthophosphoric acid by volume). If ethanol is to be added this is 
also done at this stage. Bottles are then covered and used after 24 
hours.
Unless otherwise stated flies were kept at approximately 22°C. When 
necessary Drosophila were etherised for counting and sexing. If flies 
were then needed for further experiments they were first allowed to 
recover for one hour.
2.2 LATITUDINAL COLLECTIONS
Collections along latitudinal transects were made with "standard" 
bottles either containing one quarter of a medium-sized, unpeeled banana 
("non-yeast" traps) or containing a quarter of a medium-sized, unpeeled 
banana with lg of yeast added ("yeast" traps). A few mis of water were
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added to both types of trap when conditions were hot and dry. Traps were 
made immediately before use.
Collections were made in November-December 1982 and in March 1983.
In 1982 flies were collected from 26 sites along the eastern coast of 
Australia from Mossman, Queensland (16° 28’S) south to Taree, N.S.W. (31° 
54'S). Five collections were also made inland on the Atherton Tableland, 
Queensland and seven inland collections were made in the Great Dividing 
Range in southern Queensland and northern N.S.W. In 1983 collections were 
made from five coastal sites (Bateman's Bay, N.S.W., 35° 43’S to Cann 
River, Victoria, 37° 34'S), and three sites inland to these on the 
Southern Tablelands (see figure 3.1).
Collections were generally .made in sheltered spots in suburban 
gardens. 20 traps (10 yeast and 10 non-yeast) were placed in a five by 
four grid pattern with about 30cm between traps. Yeast and non-yeast 
traps were allocated to positions within the grid at random. Traps were 
picked up after 48 hours and flies aspirated into food bottles. 11 of the 
northern collections were made by netting flies from rotten fruit. Except 
for one collection off bananas all these netted collections were from 
mangos.
The numbers of each species and sex were counted within a few days, 
except that D* simulans and D . melanogaster females were not 
distinguished. Males of these two species were distinguished by their 
genitalia. Flies collected during the 1982 field trip were air-freighted 
back to Canberra. For each collection part of the combined D. simulans!
D. melanogaster female stock was then kept at 15°C. At this temperature 
D. simulans was retained in mixed cultures through further generations and 
could be used in future experiments (see sections 2.6 and 2.7), whereas at 
higher temperatures D. simulans was often lost from mixed cultures.
2.3 SEASONAL COLLECTIONS
Seasonal collections were made using standard bottles. Two types of 
trap, termed ’’banana" and "wine” were used. A banana trap contained one 
third of a squashed, ripe, medium-sized, peeled banana with lg of active 
dried yeast. In addition to the banana and yeast a wine trap contained 
3ml of unfortified red wine. Traps were generally made about 24 hours 
before being used.
Sites for seasonal collecting were compost heaps in three suburban 
gardens in Newcastle, New South Wales (32° 56' S, 151° 46' E) and up to 
six suburban gardens in Canberra, Australian Capital Territory (33° 17’ S, 
149° 13’E). Collections in Canberra were made once a month from November 
1980 to November 1982 and those in Newcastle every two months from 
September 1980 to October 1981.
At each site eight banana and eight wine traps were placed in a four 
by four square grid pattern with approximately 30cm between bottles. The 
two types of traps were allocated to positions within the grid at 
random. Traps were usually well-shaded. After approximately 24 hours and 
normally between 9am and 11am, flies in the traps were collected by 
carefully capping the bottles. They were then aspirated into standard 
medium bottles. The number of each Drosophila species collected in each 
type of trap at a site was scored within two days. D. metanogaster and 
D. simulans males were distinguished by their genitalia, and females by 
their alcohol dehydrogenase (Adh, E.C. 1.1.1.1) electrophoretic phenotype 
(see section 2.7).
2.4 TEMPERATURE EXPERIMENTS
2.4.1 Stocks
The flies used were derived from collections made by W.R. Knibb in 
October, 1980 from Ipswich (27° 30’S, 152° 42'E) and Cleveland (27° 35'S,
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153° 18'E) in south eastern Queensland. These two locations are 
approximately 50 kilometres apart. A number of isofemale lines were 
founded from females of each of these collections. Each line was then 
scored as D. melanogaster or D. simulans by both the Adh phenotype of the 
female and the genitalia of the male offspring.
For each species and location 50 isofemale lines were used, four 
female offspring being taken from each line and combined into a stock of 
200 flies. These stocks were expanded in size for three generations. The 
fourth generation was used in the first series of experiments at 15°C,
20°C and 29°C, and the fifth generation was used in the second series at 
22°C and 25°C.
2.4.2 Procedure
Experiments were carried out at five temperatures using standard food 
bottles kept in "Conviron" (model E7) controlled environment cabinets on a 
12/12 hour light/dark cycle, with a light intensity of approximately 80 
lux. As mentioned above, the temperatures were 15°C, 20°C, 22°C, 25°C and 
29°C. The relative humidity of air inside bottles at all temperatures was 
100% as measured by a humidity meter specially constructed and calibrated 
for the purpose.
Two types of experimental bottles were set up, "single" and 
"mixed". Single bottles were started with flies of one or the other 
species from either Ipswich or Cleveland. Mixed bottles were started with 
equal numbers of flies of the two species derived from the same collection 
site.
Parents for the experiment were collected as newly emerged flies each 
day and aged for seven days, sexes together, in mass cultures at 22°C.
They were then etherised, counted into lots of 20 females or 20 males and 
allowed to recover for an hour. For single cultures 40 of each sex were 
placed in each bottle at the test temperature. For mixed bottles 20
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females and 20 males of a D. simulans stock, and 20 females and 20 males 
of the corresponding D. melanogaster stock with respect to collection 
locality were placed together in each bottle. At every temperature up to 
ten replicates were set up for each of the four single populations (i.e. 
Ipswich D. melanogaster, Cleveland D. melanogaster, Ipswich D. simulans 
and Cleveland D. simulans) and two mixed populations (Ipswich 
D. melanogasterI D. simulans and Cleveland D. melanogaster/  D. simulans).
These parent flies were taken out of the bottle after 48 hours and 
any dead flies counted. Each bottle then remained at its appropiate 
temperature. From the first day that progeny flies began emerging, the 
number of emergents was counted every day. Counting was carried out for 
at least twice the number of days after egg laying that the first fly took 
to emerge and until no flies had emerged for at least three days. At 25°C 
and 29°C it was obvious that sometimes a second generation began to 
emerge. In each of these cases, for the purposes of calculating the total 
number of flies emerging and the mean development time, the cut-off point 
for the first generation had to be determined. This was taken as being 
the first day after day 2(n-l) (where day n was the day on which the first 
fly emerged) on which the number of flies emerging was less than that on 
the following day.
2.5 TEMPERATURE/ ETHANOL EXPERIMENTS
These experiments were carried out in a similar manner to the 
temperature experiments (section 2.4 above). However, only single-species 
tests were done, and these were carried out at four temperatures (15°C, 
20°C, 25°C and 29°C) and, at each temperature, on three ethanol 
concentrations (0%, 2.5% and 5%). Ethanol food was made as described in
section 2.1.
50
The six experimental populations were each founded from 50 newly 
caught females as in section 2.4.1. D . hydei was included in this 
experiment along with D . metanogaster and D» simulans, and two populations 
of each of the three species were used. One population of each species 
was derived from flies collected in Canberra. The second D. melanogaster 
and D. hydei stocks were derived from flies collected in the Lindemans 
winery in the lower Hunter Valley, New South Wales (32° 46' S, 151° 14’ E) 
and the second D. simulans stock from flies collected in Newcastle about 
55 kilometres away. All collections were made in November 1981. Fourth 
and fifth generation flies were used in each case. Two replicate cultures 
were tested for each species, population, temperature and ethanol 
concentration, giving a total of 144 tests (3 by 2 by 4 by 2 by 2).
2.6. ETHANOL TOLERANCE AND ADH ACTIVITY IN D. SIMULANS
2.6.1 Stocks Used
20 populations were used in this experiment, all collected in the 
latitudinal survey (section 2.2). For each population five isofemale 
lines were set up from wild females. After the lines were expanded, 
fourth generation flies were used in one experiment and fifth generation 
flies in a second replicate experiment. Flies were aged in uncrowded 
conditions (less than 50 flies per standard bottle) six to eight days 
after emergence at 22°C. From each experimental line 20 males, or as many 
as possible if 20 were not available, were collected and placed on ice for 
no longer than four hours, before being homogenised and assayed for ADH 
activity (see section 2.6.3). Females and the remaining males, if any,
were used in the ethanol tolerance tests.
2.6.2 Ethanol Tolerance
These tests were carried out in standard food bottles supplemented 
with 3.5% and 5% ethanol (as described in section 2.1). Flies were left 
on the food for seven days after which time the number of flies left alive 
was scored. The number used for each test varied with the number of males 
and females collected as in section 2.6.1. No more than 50 flies were 
placed in one bottle.
2.6.3 ADH Activity
Males were used for these experiments since females are more variable 
in activity due to the presence of ovaries and eggs. ADH activity in 
D» melanogastev adult males is fairly constant with age from four to ten 
days after emergence (Dunn et dl. 1969). Activity was assayed using 2- 
propanol as a substrate following the method and standard conditions of 
Chambers et dl. (1981). Since the activity of D. simulans is considerably 
lower than that of D. melanogaster1, the normal volume of crude enzyme 
extract in an assay was increased to 200 microlitres to give clearer 
readings. For the first replicate experiment a Pye Unicam SP1800 
recording spectrophotometer was used. Unfortunately this machine broke 
down before the second replicate experiment, which therefore had to be 
done using a similar Guilford spectrophotometer.
2.7 ISOZYME STUDIES
2.7.1 Methods
Isozyme studies were carried out on five enzymes: alcohol
dehydrogenase (Adh, E.C. 1.1.1.1), esterase-6 (Est6> E.C. 3.1.1.1), alpha- 
glycerophosphate dehydrogenase (Gpdh, E.C. 1.1.1.8), isocitrate 
dehydrogenase (Idh, E.C. 1.1.1.42) and phosphoglucomutase (pgm, E.C.
2.7.5.1). All systems were run on cellulose acetate sheets ("Cellogel")
using Gelman electrophoresis tanks and power packs following the methods 
of Oakeshott et at. ( 1981, 1982b and 1984). Adh was used to distinguish 
females of D. simutans and D. metanogaster. All five enzymes were part of 
a geographic survey of D. simutans as described below.
2.7.2 Geographic Survey of D. simutans
Samples of D. simutans from around the world were assayed for Adhy 
Est6, Gpdh, Idh and Pgm. These samples were from a number of sources:
(1) samples collected on the two field trips described under 
latitudinal collections (section 2.2),
(2) Australian samples collected previously by the author,
(3) samples from Australia sent by other collectors,
(4) samples from overseas sent by other collectors. This included 17 
from North America, eight from Europe and one from Africa.
Because Est6 does not stain up well in females, males were sampled in 
all cases. These were either those males originally collected or received 
and/or those of the next generation. The number electrophoresed was never 
greater than that caught and where possible was approximately 100. Some 
of the North American and a few of the Australian samples were received as 
isoferaale lines. In these cases 10 flies were run per line and the mean 
frequency across isofemale lines calculated for each collection.
2.8 STATISTICAL ANALYSIS
Where necessary statistical analyses were carried out using SPSS 
programmes (Statistical Package for the Social Sciences, Nie et at. 1973) 
on a Univac 1100 cbmputer. The five main procedures used were PEARSON 
CORR, PARTIAL CORR, T-TEST, REGRESSION and ANOVA for the calculation of 
simple correlations, partial correlations, t-tests, multiple regressions
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and analyses of variance, respectively. Multiple regressions were done by 
the usual forward inclusion method of entering independent variables one 
at a time, in order of decreasing contribution to explained variance. The 
classic experimental approach was used for analyses of variance, with each 
factor's main effect assessed with other factors held constant, and each 
interaction effect assessed with all main effects and interaction effects 
of the same or lower order held constant.
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CHAPTER THREE
LATITUDINAL AND SEASONAL COLLECTIONS OF DROSOPHILA 
FROM AUSTRALIA AND NORTH AMERICA
3.1 LATITUDINAL COLLECTIONS IN AUSTRALIA
3.1.1 Collection Details
47 collections of Drosophila were made over 21 degrees of latitude 
from Mossman (16° 28' S) to Cann River (37° 34' S) (figure 3.1, table 
3.1). All collections are from distinct sites including the five cases 
where two collections are shown as being from the same locality. Except 
for one from Adelaide, all collections are from localities within 150km of 
the eastern coast of Australia. There are approximately three collections 
for every 2 degrees of latitude at sea level, with additional collections 
making up three small inland transects across the Atherton Tableland in 
northern Queensland, south-east Queensland/ New England, N.S.W. and the 
Southern Tablelands of N.S.W. The altitudes of the highest localities in 
each of these transects are respectively Ravenshoe (905m), Glen Innes 
(1072m) and Nimmitabel (1080m).
36 of the collections were made by trapping and 11 by netting as 
described in the materials and methods (section 2.2). The trapped 
collections are all from surburban gardens or areas of similar habitat.
In each case it was possible to place the traps in a sheltered position in 
a typical well developed garden, although in no case were Drosophila 
obviously apparent or ripe fallen fruit present before the traps were set 
out. All the netted collections were of flies on fallen fruit. One of 
these was obtained from inside a banana storage and packing shed on a 
plantation near Coff's Harbour, N.S.W. The remaining netted collections 
were made from ripe fallen mangos which were only present north of St. 
Lawrence (22° 21' S).
TABLE 3.1
Details of localities of the 47 Australian sites from which Drosophila 
collections were made, including latitude, longitude, altitude, number of 
sites for netted (net) and trapped collections (trap) and mean monthly minimum 
and maximum temperatures (TMAX and TMIN) and total monthly rainfall (RFM) for 
month of collection.
N1 LOCALITY LAT.
° 'S
LONG.o ,E ALT.m NET TRAP TMAX2°C TMIN2°C RFMmm
1 Mossman 16 28 145 23 9 2 29.5* 22.3* 1520
2 Mt. Molloy 16 41 143 20 389 1 - - 180
3 Cairns 16 55 145 46 3 2 30.3 23.4 1248
4 Mareeba 17 0 145 26 335 1 1 30.7 17.2 48
5 Babinda 17 20 145 55 10 1 27.6 19.9 2960
6 Mt. Garnet 17 25 145 7 660 1 - - 60
7 Innisfail 17 32 146 1 7 1 27.6 19.9 1232
8 Ravenshoe 17 36 145 59 905 1 27.4 15.8 1399
9 Ingham 18 39 146 10 4 1 32.2* 20.3* 132
10 Townsville 19 16 146 49 3 1 30.7* 22.7* 9
11 Ayr 19 34 147 29 10 1 30.2 20.4 50
12 Bowen 20 1 148 15 10 1 29.8 22.1 2
13 Mackay 21 9 149 11 4 1 1 27.7 20.9 32
14 St. Lawrence 22 21 149 31 0 1 32.7 23.4 0
15 Rockhampton 23 22 150 32 8 1 30.6 19.0 0
16 Gladstone 23 51 151 16 75 1 28.0 19.9 14
17 Bundaberg 24 52 152 21 14 1 28.0 17.1 60
18 Maryborough 25 32 152 25 2 1 29.2 16.2 118
19 Gympie 26 11 152 40 95 1 30.4 15.3 176
20 Nambour 26 38 152 58 30 1 27.3 15.0 223
21 Brisbane 27 28 153 1 10 1 27.1 18.5 74
22 Allora 28 2 151 59 460 1 29.4 13.0 212
23 Warwick 28 13 152 2 480 1 29.4 13.0 212
24 Dalveen 28 29 151 58 880 1 27.4 12.0 427
25 Stanthorpe 28 39 151 57 792 1 27.4 12.0 429
26 Casino 28 52 153 3 20 1 28.4 14.3 286
27 Graf ton 29 41 152 56 20 1 27.4 12.0 618
28 Glen Innes 29 44 151 44 1072 1 26.6 10.6 138
29 Coffs Harbour 30 18 153 8 83 1 25.5 18.5 538
30 Armidale 30 31 151 39 980 2 27.3 10.6 98
31 Kemp s ey 31 5 152 50 9 1 27.0 13.6 244
32 Taree 31 54 152 29 6 1 27.3 14.2 264
33 Sydney 33 53 151 13 160 1 27.5 19.1 333
34 Adelaide 34 56 138 36 50 1 29.1* 16.6* 94
35 Braidwood 35 27 149 48 650 1 23.1* 9.3* 1814
36 Batemans Bay 35 43 150 10 0 1 23.4* 15.1* 2221
37 Narooma 36 13 150 9 20 1 23.1* 15.0* 2197
38 Nimmitabel 36 34 149 17 1080 1 20.2* 6.7* 1562
39 Bega 36 41 149 51 13 1 25.8* 12.6* 2174
40 Bombala 36 55 149 15 747 1 22.4* 8.5* 1286
41 Eden 37 4 149 55 50 1 23.1* 13.8* 264
42 Cann River 37 34 149 9 120 1 23.8* 12.0* 796
TOTAL 36 11
1. Localities are denoted by these numbers in figure 3.1. In 5 cases there
are 2 sites with the same (approximate) locality so that only 42 localities 
are listed. Collections from sites 1 to 32 form the "north" group and 
collections from sites 35 to 42 the "south" group (see text, section 3.1.1).
2. Temperatures marked * are averages calculated from former years (see text).
FIGURE 3.1 Map of eastern Australian showing the locations of 47
Drosophila collection sites and the species collected at each 
site. Pie diagrams show the proportions of Drosophila that 
were of each species. Numbers of localities correspond to 
those in table 3.1. Note that in five cases two collection 
sites have the same locality number so that there are only 42 
localities shown. Altitudes are given for all localities more 
than 150m above sea level. Netted collections are denoted
N", all other collections were trapped.
KEY
D simulans 
D melarogaster 
D immigrans 
D busckii
D hydei ( h. present at < l% )
D onanassae
Ü sulfurigaster (s present at < l% )
N = netted collection
•  it  - number of collection locality 
(see table 3.1)
792 = alt i tude in metres
(inland col lections only)
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All the collections north of Sydney (33° 53' S), from localities 1 to 
32 (figure 3.1 and table 3.1), were made in November/ December 1982 (these 
collections are termed "north” in the following analyses and include all 
netted collections) and the eight southernmost collections (from 
localities numbered 35 to 42 in figure 3.1 and termed "south") were made 
in March 1983 (see section 2.2). The remaining two were made in January 
1983 (Sydney) and late December 1982 (Adelaide) respectively. Because of 
the difference in season of the two major groups of collections they are 
considered both separately and together in many of the analyses in this 
section.
Weather data for each locality were obtained from the Bureau of 
Meteorology, Canberra. Measurements were obtained for the appropriate 
month for rainfall (RFM) and mean maximum and minimum daily temperatures 
(TMAX, TMIN). In most cases these were for the actual month of 
collection; in 12 cases (see table 3.1) where these data were not 
available the mean monthly data obtained from measurement over a number of 
previous years were used. (During the period of collecting temperatures 
measured were similar to these averages.) Reliable data were not 
available for TMAX and TMIN for two sites (Mt. Molloy and Mt. Garnet) and 
these could not be included in analyses involving climatic variables.
The three climatic variables and latitude, longitude and altitude are 
related as shown in table 3.2. It can be seen that TMIN and TMAX are 
positively and significantly correlated. Both are negatively and 
significantly correlated with latitude, longitude and altitude but the 
highest correlations are between TMAX and latitude, TMIN and latitude and 
TMIN and altitude. RFM is significantly and negatively correlated with 
TMAX but is not significantly correlated with any of the other variables.
The biological variables considered in the statistical analyses 
presented in the following sections include the number and proportion of
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each species in each collection. The proportion of a species is the 
percentage of all Drosophila in a collection which are of that species. 
Before analysis numbers collected were log transformed and proportions 
were arcsin transformed as recommended for such variables by Sokal and 
Rohlf (1969, pp. 382-387).
3.1.2 Numbers of Drosophila
14,216 Drosophila were collected, giving a mean number per site of 
296.2 ± 56.8. The numbers collected at each site varied from 5 (St. 
Lawrence, 22° 21’ S) to 1,729 (Townsville, 11° 17’ S). In multiple 
regressions with latitude, longitude and altitude, and TMIN, TMAX and RFM 
the number of Drosophila per collection (log transformed) regresses 
significantly and negatively with altitude (r^=0.21, b=-0.0016, p<0.01), 
and significantly and positively with TMIN (r~=0.24, b=0.14, p<0.001), 
respectively (see also figure 3.2). These relationships also hold within 
just the trapped collections, but not within the netted collections. More 
flies were caught per netted collection than trapped collection, the means 
being respectively 623.5 ± 172.9 and 174.6 ± 24.4. In particular the 
three latitudinally adjacent netted collections at Townsville, Ayr and 
Bowen (localities 10 to 12 in table 3.1) account for a total of 4,985 
flies, or 35.1% of all flies collected. Without these three collections 
the mean netted collection is 342.0 ± 75.5 flies, similar to the sizes of 
the more northerly trapped collections.
3.1.3 Species Collected
Six species of Drosophila were originally identified in the 
collections: D» ananassae, D. busckii, D. hydei, D. immigrans,
D. melanogast&r and D . simulans. However, those flies identified as 
D . immigrans probably comprised two species, D. immigrans and
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D. suifuvigastev, which are similar in appearance (Bock 1976,
1977). Bock reported that D. immigvans is very rarely found in northern 
Queensland whereas D. suifuvigastev is common there, as well as throughout 
South-East Asia, New Guinea and western Pacific islands. In the present 
study no immigvans-like flies were found in collections spanning 6° of 
latitude from Ayr (19° 34' S) to Maryborough (25° 32’ S). Flies presumed 
to be D . suifuvigastev were found in fairly large numbers north of Ayr and 
others presumed to be D. -immigvans were found in smaller numbers south of 
Maryborough.
Some flies identified as D. ananassae could have been
D . pseudoananassae. These two species differ mainly by the number of
bristles in the sex-comb and both appear to be common in north Queensland
(Bock 1976, 1977), although both species have only been collected in a few
localities. Thus flies referred to as "D. ananassae" could include either
'L.or both of these two species.
Analysis of the collections of D. melanogastev and D. simulans is 
complicated because females of these two species were not distinguished. 
Over all the 47 collections the mean number of D. melanogastev/
D . simulans females caught is 129.9 ± 27.4, while the mean number of 
D . melanogastev males is 71.3 ± 20.9 and the mean number of D. simulans 
males is 74.6 ± 16.2. Thus more males than females of the two species 
were caught, the mean proportion of females being 45.16%. This ratio is 
similar for trapped (45.2%) and netted (45.0%) collections but the south 
populations (mean 49.5%) have a higher proportion of females than the 
north ones (43.6%).
It is assumed that there is no significant difference between the sex 
ratios of the two species. The total number of D. simulans in each 
collection can then be estimated as being S + (S / (S + M)) x F and that
of D . melanogastev as M + (M / ( S + M ) ) x F ,  where S is the number of
1. &<>ck. Ql<477) cc>\\(Lc^'\<\c. C h e a p s  Ondl -^ivA2_ cowvwxov'i species ^ «o'i' Coho-t-leA heog.. ~Tvvs. <Avspay'l+-y 
h’kely c^oe ho
c io h o o r*  tsewTc» \y\ s ,1 4 -loe. A U r v ib e / 'S
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D. simulans males, M the number of D. melanogaster males and F the number 
of females of both species. Generally, in the following analyses 
comparing only these two species, it makes little difference whether the 
calculated total numbers or the numbers of males only are used for each 
species.
The total numbers and percentages of each species are shown in table 
3.3. It is clear that D . melanogaster and D . simulans represent the 
majority of the Drosophila collected. D. ananassae and D . sulfurigaster 
are far more common in netted collections than trapped collections while 
the reverse is true for the other three minor species. This probably 
mostly reflects the greater use of the net in the north.
3.1.4 Distribution of Species
The seven species fall into three groups with respect to their 
distributions (see figure 3.1). First, D. melanogaster and D . simulans 
are present throughout the latitudinal range and are only absent from 
three and two collections respectively. Second, D . ananassae and 
D. sulfurigaster are clearly northern species; the former is not found 
south of Mackay (21° 9' S) except for 3 single flies and the latter is 
absent south of Ayr (19° 34’ S) (although, with respect to the similarity 
of D . sulfurigaster and D. immigransy see section 3.1.3). Third, the 
remaining three species D . immigransy D. hydei and D . busekii have more 
southerly distributions, being in largest numbers in the central latitudes 
from Dalveen (28° 29’S) to Taree (31° 54’S). D . busekii in fact is not 
found outside of this central range, while D . immigrans and Z). hydei are 
found scattered further north as far as Maryborough and Bowen 
respectively, and also further south. D. immigrans is the most numerous 
species of the three.
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3.1.4.1 D. ananassae and D. sulfurigaster
Table 3.4 shows the regressions of the numbers and proportions of 
D. ananassae and D. sulfurigaster with latitude, longitude and- altitude. 
Over all samples both species are significantly and negatively associated 
with latitude, reflecting the distribution described above. However, the 
north netted collections include 99% of the flies collected of these two 
species and within these collections there are no significant latitudinal 
correlations. This suggests that there is a threshold latitude for both 
species north of which they are present in significant numbers, but south
of which they are virtually absent. This pattern could be partly due to 
the majority of the netted collections being in the far north. However, 
it is also likely that the conditions which result in large netted 
collections are also those most suitable for D. ananassae and 
D . sulfurigaster. Consistent with these distributions, the abundances of 
these two species are related positively and significantly to TMIN (Table 
3.5). This relationship is stronger for D . sulfurigaster which was 
collected from a smaller range of sites (see figures 3.1 and 3.3).
3.1.4.2 D. busckiiy D . hydei and D. immigrans
Table 3.6 shows the regressions of the numbers and proportions of 
D. busckiiy D. hydei and D. immigrans on latitude, longitude and 
altitude. Over all samples, only the proportion of D. hydei has a 
significant positive correlation with latitude, while D. immigrans and 
D . busckii are significantly and positively related to altitude. The 
numbers of all three species are generally largest near the centre of the 
total collection range, mostly in the southernmost collections of the 
north group and particularly at higher altitudes. Thus, when only the 
north collections are considered the correlations with latitude are 
significant and positive for all three species. D. immigrans also still 
increases significantly in both numbers and proportions with altitude.
25V? ~
TABLE 3.5
Multiple regression coefficients (B), proportions of variance explained 
(multiple Rz) and F values (F) for log transformed numbers (//) and arcsin 
transformed proportions (%) of D. ananassae (ana) and D. sulfuvigaster (sul) 
on climatic variables for 45 Australian collections^: (i) all collections and
(ii) netted collections (see table 3.1). Only statistically significant 
coefficients are tabulated.
Variable Mu 11iple R^ B F
(i) ALL, n = 4 5
#ana TMIN 0.29 0.17 17.9***
%ana TM1N 0.17 0.94 8.7 * *
//sul TMIN 0.26 0.15 14.8***
% s u 1 TMIN 0.26 1 . 06 15.1***
(ii) NET, n= 1 1
//ana .
%ana -
//sul -
% s u 1 TMIN 0.49 5.16 8.8**
1. Note that there are insufficient data for two of the total 47 sites (see 
table 3.1) thus all analyses with climatic variables are for 45 collections.
*** pCO.OOl, ** p<0.01
TABLE 3. 6
M u l t i p l e  r e g r e s s i o n  c o e f f i c i e n t s  (B) ,  p r o p o r t i o n s  of v a r i a n c e  e x p l a i n e d  
( m u l t i p l e  RZ) and F v a l u e s  (F)  f o r  l og  t r a n s f o r m e d  numbers  (#)  and a r c s i n  
t r a n s f o r m e d  p r o p o r t i o n s  (%) of  D. b u e ck ii  ( b u s ) ,  D. hydei (hyd)  and 
D. immigrans (imm) on l a t i t u d e ,  l o n g i t u d e  and a l t i t u d e  f o r  47 A u s t r a l i a n  
c o l l e c t i o n s :  ( i )  a l l  c o l l e c t i o n s  and ( i i )  " n o r t h "  c o l l e c t i o n s  ( see  t a b l e  
3 . 1 ) .  Only s t a t i s t i c a l l y  s i g n i f i c a n t  c o e f f i c i e n t s  a r e  t a b u l a t e d .
V a r i a b l e M u l t  i p l e  R^ B F
( i ) A L L , n = 4 7
# bu  s 
% bu s ALT 0 . 1 4 0 . 0 0 6 7 . 7 * *
# h y d  
%hy d LAT 0 . 1 1 0 . 19 5 . 6 *
# imm LONG 0 . 19 0 . 16 1 1 . 0 * *
% i  mm ALT 0 . 2 1 0 . 0 2 1 2 . 3 * *
( i i )  NORTH, n= 
/ / bus
37
LAT 0 . 1 7 0 . 5 8 7 . 4 * *
%bus LAT 0 . 3 2 2 . 2 4 ]
1 8 . 9 * * *LONG 0 . 5 2 -  2 . 9  1J
# h y  d LAT 0 . 1 4 0 . 0 5 6 . 1*
%hy d LAT 0 . 2 5 0 . 4 1 1 1 . 7
# i  mm LAT 0 . 4 5 0 . 4 5 ^ L
ALT 0 . 6 5 - 0 . 5 5 - ) 3 1 . 9 * * *
% i  mm LAT 0 . 3 8 5 . 37~
f 2 8 . 9ALT 0 . 6 2 - 6 . 9 3 _
*** p< 0 . 001 ,  ** p < 0 . 0 1 ,  * p<0.05
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the percentages of total Drosophila for each species may also be expected 
to show consistent trends.
The results of the multiple regressions testing for the relationships 
with latitude are given in table 3.8. Overall, the only statistically 
significant relationships are negative ones between numbers of D. simulans 
and D. melanogaster, and altitude. Similar results are found for the 
trapped collections only, except that the number of £>. melanogaster is 
negatively and significantly related to both latitude and altitude. There 
are no significant correlations with latitude or altitude within the 
netted samples.
The strongest relationships are found for the north trapped 
collections in which both the number and proportion of D. melanogaster 
decline markedly with latitude. Since D . simulans is not significantly 
related to latitude, RAT thus increases with latitude. In the eight south 
populations neither species shows a consistent relationship with latitude 
or altitude, although the analyses have little power to detect significant 
associations among only eight collections.
Table 3.9 and figure 3.4 show the relationships of the two species 
with temperature. Over all the collections (or within just the trapped 
collections), the number of D. melanogaster significantly increases with 
TMIN but the proportion does not significantly change because of the 
accompanying increase in the total number of Drosophila collected. There 
are no other significant relationships and also none within the netted 
collections. However, again these overall results confound the different 
trends in the north and south groups of collections. Regardless of 
whether the netted collections are included, the number of D. melanogaster 
increases significantly with temperature both in the north and south 
collections, whereas the number of D. simulans bears no relationship with 
temperature in the north collections but significantly increases with
TABLE 3 . 8
M u l t i p l e  r e g r e s s i o n  c o e f f i c i e n t s  ( B ) ,  p r o p o r t i o n s  of v a r i a n c e  e x p l a i n e d  
( m u l t i p l e  Rz ) and F v a l u e s  (F)  f o r  l og  t r a n s f o r m e d  numbers  (//) and a r c s i n  
t r a n s f o r m e d  p r o p o r t i o n s  (%) of  D. simulans ( s i m)  and D. melanogaster ( m e l ) ,  
and f o r  RAT (£>. simulans! (D. melanogaster + D. simulans, * 100,  a r c s i n  
t r a n s f o r m e d )  w i t h  l a t i t u d e ,  l o n g i t u d e  and a l t i t u d e  f o r  47 A u s t r a l i a n  
c o l l e c t i o n s :  ( i )  a l l  c o l l e c t i o n s ,  ( i i )  t r a p p e d  c o l l e c t i o n s ,  ( i i i )  n e t t e d
c o l l e c t i o n s ,  ( i v )  " n o r t h "  c o l l e c t i o n s ,  ( v )  " s o u t h "  c o l l e c t i o n s  and ( v i )
" n o r t h "  t r a p p e d  c o l l e c t i o n s  ( s e e  t a b l e  3 . 1 ) .  Note  t h a t  i n  t h i s  c a s e  d e p e n d e n t  
v a r i a b l e s  w i t h o u t  s i g n i f i c a n t  c o e f f i c i e n t s  a r e  n o t  l i s t e d .
V a r i a b l e Mu l t i p l e  R^ B F
( i )  ALL,  n= 47
/ / s i m ALT 0 . 1 3 - 0 . 0 0 2 6 . 8 *
// me 1 ALT 0 . 1 2 - 0 . 0 0 2 6 . 2 *
( i i )  TRAP, n = 3  5
/ / s i m ALT 0 . 18 - 0 . 0 0 2 7 . 7 *
//me 1 ALT 0 . 1 3 - 0 . 0 0 2 1
LAT 0 . 2 5 - 0 . 0 7  J 7 . 5 *
RAT LONG 0 . 1 4 3 . 3 0 5 . 5 *
( i i i )  NET, n= 1 1
%s i m LONG 0 . 3 6 0 .  14 6 . 1*
( i v )  NORTH
//me 1 LAT 0 . 1 4 - 0 . 4 9
LONG 0 . 2 6 - 0 . 0 7 6 . 0
( v )  SOUTH, n = 8
/ / s i m LONG 0 . 8 4 2 . 5 6
•It 4 r
1 4 . 5
% me 1 LONG 0 . 4 5 - 2 8 . 7 4 /  ^  * 4 . 9
( v i )  NORTH TRAP,  n = 2 6
/ / me l LAT 0 . 2 0 - 0 . 4 9 1
ALT 0 . 3 8 - 0 . 6  5 J 7 . 0 * *
% me 1 LAT 0 . 3 1 - 2 . 4 8 1 0 . 8 * *
RAT LAT 0 . 2 2 2 . 1 1 6 . 6 *
•k-k* * * pCO.OOl, p < 0 . 0 1 ,  * p < 0 . 0 5
TABLE 3 . 9
M u l t i p l e  r e g r e s s i o n  c o e f f i c i e n t s  ( B ) ,  p r o p o r t i o n s  of v a r i a n c e  e x p l a i n e d  
( m u l t i p l e  RZ) and F v a l u e s  (F)  f o r  l o g  t r a n s f o r m e d  numbers  (//) and a r c s i n  
t r a n s f o r m e d  p r o p o r t i o n s  (%) of  D. melanogaster  ( me l )  and  D. simulans  ( s i m ) ,  
and RAT (D. sim ulansI (D. melanogaster  + D. simulans)  * 100,  a r c s i n  
t r a n s f o r m e d )  on c l i m a t i c  v a r i a b l e s  f o r  43 A u s t r a l i a n  c o l l e c t i o n s :  ( i )  a l l  
c o l l e c t i o n s ,  ( i i )  t r a p p e d  c o l l e c t i o n s ,  ( i i i )  " n o r t h "  c o l l e c t i o n s ,  ( i v )  " s o u t h  
c o l l e c t i o n s  and ( v )  " n o r t h "  t r a p p e d  c o l l e c t i o n s .  Note  t h a t  i n  t h i s ^ c a s e  
d e p e n d e n t  v a r i a b l e s  w i t h o u t  s i g n i f i c a n t  c o e f f i c i e n t s  a r e  n o t  l i s t e d 1 .
V a r i a b l e M u l t i p l e  R 2 B F
( i )  ALL,  n = 4 5
* * *
/ / me l TM1N 0 . 2 5 23 . 50 1 4 . 1
( i i )  TRAP,  n = 34
//me 1 TM1N 0 . 1 2 1 0 . 6 * *
( i i i )  NORTH,  n = 35
/ / me l TM1N 0 . 3 9 0 . 2 9 2 1 . 1 * * *
%me 1 TMIN 0 . 2 5 2 . 67 1 1 . 2
( i v )  SOUTH,  n = 8
/ / s i m TMIN 0 . 6 2 0 . 3 1 9 . 7 * *
//me 1 TMAX 0 . 6 7 0 . 4 5 1 2 . 3 * *
( v )  NORTH TRAP, n = 2 4
//me 1 TMIN 0 . 3 0 0 . 2 6 9 . 3 * *
%rae 1 TMIN 0 . 4 5 4 . 18 1 8 . 3 * * *
-k k
RAT TMIN 0 . 2 7 - 4 . 5 7 8 . 3
1.  Not e  t h a t  t h e r e  a r e  no s i g n i f i c a n t  c o e f f i c i e n t s  a t  a l l  f o r  t h e  n e t t e d  
c o l l e c t i o n s  o n l y .
*** pCO.OOl ,  ** p<0 . 01
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temperature in the eight south collections. Thus the species ratio and 
the proportion of D. melanogastev are significantly and positively 
correlated to TM1N in the north but not in the south (see figure 3.4).
This reflects the prevalence of D. simulans over the central latitudes.
In the south populations the species are differently affected by 
temperature, as D. melanogastev is positively associated with T>1AX, and 
D. simulans with TMIN. Both these associations are very strong, 
explaining 67% and 62% of the variance in the numbers of each species 
respectively. There are no significant results for RAT within these eight 
populations.
Thus there are no relationships in the directions predicted if there 
were to be a consistent trend in the world-wide distributions of the 
sibling species. In fact the trend is in the opposite direction, with 
D. melanogastev being most common in the northern warmer regions,
D . simulans in the central latitudes and neither species being dominant in 
the south. D. melanogastev is generally more affected by temperature.
3.1.5 Associations Among Species 
Associations among the species follow from the distributions 
discussed above. Table 3.10 shows the correlation coefficients between 
each pair of species, where each species is expressed as a proportion of 
all flies collected. The matrices for all collections, trapped 
collections and netted collections are consistent. D. melanogastev and 
D . simulans are strongly negatively correlated; however this is probably a 
statistical artifact since together they constitute such a large 
proportion of the flies collected. The proportions of D. ananassae and 
D. sulfuvigastev are significantly positively correlated, suggesting that 
they are responding similarly to environmental conditions. D . busckii,
D. hydei and D. immigvans form another group of positively correlated 
species.
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It is interesting that D. melanogaster, but not D» simulans is 
significantly and negatively correlated with D. immigrans and 
D. annanassae. If these correlations represent direct interactions, they 
could partly explain the site to site fluctuations in RAT. It is possible 
that the species are directly interacting since, for example, D. immigrans 
is generally found on decaying fruits and vegetables along with 
D. melanogaster (Atkinson and Shorrocks 1977, Oakeshott et al. 1982a).
3.1.6 Effect of Yeast
The data from the trapped collections provide a crude test of the 
attraction to, or avoidance of yeast by each species. Table 3.11 gives 
the results of paired two-tailed t-tests for the numbers and percentages 
of each species on yeast versus banana-only baits. For each species, only 
the trapped collections in which at least one fly of that species was 
caught are considered, since it is assumed that otherwise the species was 
not present in the area. Results are very similar if small samples, of 
either less than 10 or less than 20 flies, are excluded from the analyses.
Overall more Drosophila were collected in the yeast traps, however 
this difference is not significant and the mean proportion per collection 
in these traps is only 31%. Z?. ananassae and D. sulfurigaster, being
mostly caught in the netted collections, were not trapped in sufficient 
numbers for meaningful analysis here. For each of the other species a 
yeast ratio was calculated as the number of the species collected in yeast 
traps divided by the total number of flies of that species collected at 
each site. D. immigrans, D, hydei and D. busckii all have a mean yeast 
ratio higher than 50%. The result is only statistically significant for 
D, immigrans; however, the numbers of the other two species are not large
enough for a sensitive test of their preferences.
/L R+kj^soo <9 "Hoct4* cv+^us> Ä  //wn/j''*»#»,s, «s positively
C»«one.\<*le.ci b j t  £>. sn a /v o b o ls te r *  n2ocd-ivie.Vy co fre .M -« -c \, tt-ie. qrovsfbo
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D» melanogaster constitutes a significantly higher proportion of 
Drosophila collected in yeast than non-yeast traps, while the reverse is 
true of £>. simulans, the only species which shows avoidance of yeast 
(table 3.11). The difference between the mean yeast ratios of the two 
species is highly significant (paired t-test, p<0.001). Similarly the 
mean ratio of these two species (expressed as D. simulans!
(D . melanogaster + D. simulans) * 100) is higher in non-yeast traps 
(61.9%) than it is in yeast traps (52.1%, paired t-test, p<0.001), 
although still over 50% in the latter.
Interestingly, the yeast ratio of D. simulans significantly and 
negatively correlates with TMIN (r=0.56, p<0.001), whereas those of 
D. melanogaster and D, immigrans have no significant correlations with 
either the climatic variables or latitude, longitude and altitude. I'V is 
also noteworthy that the yeast-ratio of D. melanogaster is correlated 
significantly and positively with that of D. simulans (r=0.40, p<0.05). 
Although this correlation is not particularly high, the fact that it is 
not negative means that the presence of one species in one type of trap is 
not influencing the other species to avoid that trap type. In fact the 
species ratios on yeast and non-yeast are very highly correlated (r=0.85, 
p<0.001), and both are thus reflecting the overall trend in species ratio.
It is possible that the yeast preference of D. melanogaster is 
affected by temperature in the same way as that of D. simulans, but more 
weakly, perhaps because it is already higher. Other possibilities are 
that D. melanogaster is affected positively by the behaviour of 
£>. simulans or simply that the correlation in preference is a coincidental 
result of different factors. It is notable that the two species that have 
a significant preference for yeast, namely D. melanogaster and 
D. immigrans, also have a significant negative association with each other 
(section 3.15).
TABLE 3.11
Results of paired t-tests between yeast and non-yeast traps (see section 2.2 
for descriptions) for numbers and proportions of each species in 36 trapped 
Australian drosophila collections (see table 3.1) .
Sp2 NC mean
ratio
mean
n
mean
y
t-test mean
n%
mean
y%
t-test
ana 3 33.3 0.7 0.3 ns 2.5 0.4 ns
sul 4 37.5 0.8 0.5 ns 10.0 1.1 ns
bus 7 85.5 2.4 6.3 ns 10.8 8.9 ns
hyd 10 65.4 0.7 2.6 ns 2.6 2.8 ns
imm 14 63.5 4.5 10.1 * 12.2 17.3 *
mel 33 59.6 35.1 38.4 ns 37.7 46.2 *
sim 34 43.8 58.5 41.0 ** 57.2 48.2 **
A L L 35 51.0 82.1 92.4 ns
1. For species x:
NC = number of collections in which species x was found.
ratio = (number of species x caught in yeast traps/ total number of species x 
in collection) * 100%.
n = number of flies of species x caught in non-yeast traps, 
y = number of flies of species x caught in yeast traps. 
n% = % of Drosophila caught in non-yeast traps which were of species x. 
y% = % of Drosophila caught in yeast traps which were of species x.
Values in tables are the means for ratio, n, y, n% and y% over NC collections. 
Paired t-tests are between n and y, and n% and y%.
2. ana = D. ananassae, sul = D. sulfurigaster, bus = D. huscki,
hyd = D. hydeiy imm = D. immigrans, mel = D. melanogaster, sim = D. simulans.
** p<0.01, * p<0.05, ns not significant
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Little work, has been done involving the relationships of the 
cosmopolitan species to yeasts. In the laboratory the relative fitnesses 
of D . melanogaster and D . simulans have been found to vary when bred on 
food media containing different species of yeast (El-Helw and Ali 1970, 
El-Helw et at, 1972, Belo 1979, Belo and Lacava 1982), or different races 
and mutants of Saecharomyees oerevisiae (El-Helw and Ali 1973, Bos et al. 
1976, 1983) but no consistent differences emerge between the species.
Phaff et al, (1956) found a large number of yeasts in the guts of various 
endemic Drosophila species from a U.S. study site, one of which was a 
variety of S . oerevisiae, However wild yeasts are likely to be of greater 
importance to Drosophila than S. oerevisiae, and the method of simply 
adding yeast to baits may result in different Drosophila behaviour than 
occurs in more natural situations.
Stanley and Parsons (1981) argued that temperate populations of 
D, melanogaster, and to a lesser extent D, simulans, have a higher ethanol 
tolerance than tropical populations because of the differences in fruit 
decomposition in the two regions. They find that, on average, tropical 
and subtropical fruits have a pH above 4 and temperate fruits below 4. 
Below pH 4, decomposition is largely by yeast, which produces ethanol, 
whereas above this pH decomposition occurs more by bacteria and less 
ethanol is produced. If this explanation is correct then D, simulans is 
more attracted to yeast at latitudes where the production of ethanol would 
normally be higher, which would not be expected on the basis of the low 
tolerance to ethanol of this species. On the other hand, D, melanogaster, 
being the more ethanol tolerant species, could possibly be expected to 
show such a trend. An explanation for this anomaly is probably that 
Drosophila species do not just react to yeast because of its potential to 
produce ethanol.
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It is interesting that here £>. simulans shows a latitudinal trend in 
its behaviour and D. melanogaster does not, when the reverse is true for 
ethanol tolerance (see section 1.4).
3.2 SEASONAL COLLECTIONS FROM TWO AUSTRALIAN LOCATIONS
3.2.1 Procedure
Seven sets of seasonal collections were made with baited traps from 
three sites in Newcastle from September 1980 to October 1981, and 34 were 
made in Canberra from November 1980 to November 1982. Of these 34 
Canberra collections, 18 were from one site, Macgregor, and the remaining 
16 from another five sites. A further three collections from Canberra 
were made by aspirating flies observed on compost after collecting by 
traps had failed. As well, during some months all attempts at collecting 
were unsuccessful (see table 3.12). Data from the three Newcastle sites 
have been combined in all analyses, since low numbers were often collected 
at different sites in various months.
Climatic variables used in the analyses are the RFM, TMAX, and TMIN 
of the appropriate month, as in the latitudinal analyses (see section 
3.1). As well, the minimum and maximum temperatures of the actual day of 
collection are used (DMAX, DMIN). All these measurements were obtained 
from the Bureau of Meteorology, Canberra, except for DMAX and DMIN for 
Newcastle which were measured at the time of collection with a maximum- 
minimum thermometer. There could be a difference between temperatures 
measured in this manner, and those measured by the Bureau of Meteorology 
at the nearest weather station. However, in both cases temperatures were 
measured in the shade and any resulting introduced error would be much 
smaller than the differences in temperatures between sites, and different 
collection days at the same site. For the Canberra sites an RFM 
measurement could be obtained for each site, but the temperature
measurements were for Canberra as a whole
TABLE 3 .1 2
D e t a i l s  of s e a s o n a l  c o l l e c t i o n s  f r om  N e w c a s t l e  and C a n b e r r a .
A t t e m p t s  ^ T r a p ^ A sp J F a i l 4 F i r s t L a s t
NEWCASTLE 7 7 - - Sep 1980 Oct 1981
CANBERRA
MacGregor 24 17 2 5 Nov 1980 Nov 1982
N a r r a b u n d a h  1 17 6 1 10 Dec 1980 Nov 1982
N a r r a b u n d a h  2 9 3 - 6 Mar 1981 Nov 1982
A i n s l i e 8 4 - 4 Nov 1980 Oct  1981
Charnwood 2 2 - - Mar 1982 Apr 1982
Y a r r a l u m l a 2 2 - - Mar 1982 Apr 1982
TOTAL 69 41 3 25
1. T o t a l  number of m o n t h ly  c o l l e c t i o n  a t t e m p t s  made.
2 .  Number of s u c c e s s f u l  a t t e m p t s  u s i n g  t r a p s .
3 .  Number of s u c c e s s f u l  a t t e m p t s  by a s p i r a t i n g .
4 .  Number of u n s u c c e s s f u l  a t t e m p t s .
TABLE 3 . 1 3
C o r r e l a t i o n s  b e t w e e n  t o t a l  m o n t h ly  r a i n f a l l  and mean minimum and maximum d a i l y  
t e m p e r a t u r e s  f o r  month  of c o l l e c t i o n  (RFM, TMIN and TMAX), and minimum and 
maximum t e m p e r a t u r e s  f o r  day of  c o l l e c t i o n  (DM1N and DMAX) f o r  44 s u c c e s s f u l  
s e a s o n a l  c o l l e c t i o n s  f r o m  C a n b e r r a  and N e w c a s t l e .
DMIN TMAX DMAX RFM
TMIN 0 . 8 8 * * * 0 . 8 5 * * * 0 . 4 9 * * * 0 . 3 3 *
DMIN 0 . 6 5 * * * 0 . 4 9 * * * 0 . 4 9 * * *
TMAX 0 . 5 6 * * *
o.01
DMAX 0 . 0 7
★ p < 0 .0 5  , *** pCO.OOl
Table 3.13 shows the correlation matrix for the five variables for 
successful collections. The four temperature variables are all 
significantly and positively related. TMIN and DMIN are more highly 
correlated than TMAX and DMAX, and the correlation between DMIN and TMAX 
is in fact higher than that between DMAX and TMAX. This is a result of 
minimum daily temperatures being relatively constant over a month, whereas 
maximum temperatures can vary considerably from day to day. DMIN and TMIN 
also have significant and positive correlations with RFM in contrast to 
DMAX and TMAX which are not significantly related to RFM.
Again the biological variables for each collection are numbers of 
each species collected (log transformed before analysis) and the 
proportions of each species (arcsin transformed), where the proportion of 
a species is the percentage of all Drosophila in a collection which are of 
that species.
3.2.2 Numbers of Drosophila
10,334 Drosophila were collected with a mean number per successful 
collection of 234.5 ± 54.1. As with the latitudinal collections the 
number for each collection varies greatly, from 1 (Macgregor, September 
1981) to 2,003 (Macgregor, February 1981). From figure 3.5 it can be seen 
that the most flies are collected in summer and the least in winter, and 
that all the 25 failed attempts at collection are in the colder months. 
Even not including these unsuccessful attempts, the total number of 
Drosophila collected regresses positively and significantly with TMIN 
(r2=0.12, b=25.29, p<0.05).
There were no unsuccessful collection attempts in Newcastle but in 
Canberra there were five months when collection attempts were unsuccessful 
at every site, and five months when collections were successful only at 
Macgregor. (There was only one month, May 1981, when no attempt was made
to collect at this site during the period November 1980 to November 1982).
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Table 3.14 summarises the results of collection in Canberra during 
the coldest months of 1981 and 1982. It is apparent that Drosophila can 
still be caught at very low temperatures, although during 1981-none was 
caught during two of the coldest months. The winter of 1982 was more 
severe but the effects of this appear to have been delayed, so that no 
Drosophila was caught in the three months following the coldest period.
D. immigrans and D* simulans are the most cold-tolerant species. If the 
unsuccessful attempts are included then the regression of number of
p
Drosophila with TMIN becomes stronger (e.g. for Macgregor r =0.31, b=44.0, 
pCO.Ol).
As only 50 (0.47%) of the 10,544 flies collected were aspirated and 
in oniy three collections, these will simply be included in all analyses.
3.2.3 Species Collected
Five species were collected in both Newcastle and Canberra;
D. busokii, D . hydei, D . immigrans, D. melanogaster and D. simulans.
These species were also found at corresponding latitudes in the 
latitudinal survey. The proportions of each are very similar to those in 
the trapped collections in the latitudinal survey, except that 
D. immigrans is over twice as common at the expense of D, melanogaster, 
and D. hydei is more common than D* busokii (table 3.15, c.f. table 
3.3). This partly reflects the fact that the latitudinal collections were 
made mostly in summer, and in fact their species composition is quite 
similar to that of the summer collections in the seasonal survey.
The mean percentage of D» immigrans per collection is much higher 
than the percentage of this species in the total. This is because it is 
often quite common in the small and moderate collections outside of the 
summer months. The same trend occurs to a lesser extent with D. hydei and 
D. busokii, whereas the reverse happens for £>. simulans and 
D. melanogaster, which form the bulk of the large summer collections.
TABLE 3.14
Mean maximum and minimum daily temperatures for month of collection (TMAX and 
TMIN), species collected and method of collection for Drosophila from Canberra 
and Newcastle collections in the six coldest months of 1981 and 1982.
Month TMAX TMIN Species * 2Macgregor Other Sites^
CANBERRA
1981 May 15.7 4.3 - missed missed
Jun 11.0 2.5 s , i , m , b asp (25) trap (15), asp (4)
Jul 10.7 1.1 - x X
Aug 11.7 2.6 - X X
Sep 18.1 4.0 i trap (1) X
Oct 20.8 7.8 i,b trap (4) X
1982 May 16.0 2.0 s, i ,m trap (16) X
Jun 12.2 -0.6 s ,m trap (23) X
Jul 11.8 -1.9 i»s asp (21) X
Aug 17.4 0.0 - X X
Sep 16.5 3.7 - X X
Oct 21.3 5.0 — X X
Other >21.5 >7.1 s,m,i,h,b trapping successful
Months
NEWCASTLE >=17.1 >=6.4 s,m,i,h,b trapping successful
1. Listed in order of decreasing abundance: s = D. simulans,
m = D. melanogaster, i = D. immigrans, h = £>. hydeit b = D. busckii.
2. trap = collecting successful by trapping, net = collecting successful by 
netting (number of Drosophila collected in brackets), x = trapping 
unsuccessful, missed = no collecting attempted.
TABLE 3.15
Numbers and proportions of species in 44 successful seasonal Drosophila 
collections from Canberra and Newcastle.
Species Total Total Zl Collection mean ± se Mean
D. simulans 5798 54.9 128.8 ± 29.1 45.9
D. melanogaster 3626 34.4 80.6 ± 40.0 25.5
D. immigrans 897 8.5 19.9 ± 4.8 20.8
D. hydei 201 1.9 4.5 ± 2.2 5.5
D. busckii 32 0.3 0.7 ± 0.2 2.3
1. For species x, total % = 
number of Drosophila in all 
of species x where for each
(total number 
collections) 
collection %
of species 
and mean % = 
= (number of
in all collections/ total 
the mean proportion (%) 
species x in collection/
number of Drosophila in collection).
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3.2.4 Seasonal Patterns of Species
In Canberra, D. melanogaster reaches the peak of its abundance about 
raid-summer while D» simulans peaks some months later in early autumn 
(figures 3.3b and 3.5c). The numbers of D. immigrans and to a lesser 
extent the other two minor species peak in spring but these species also 
occur in relatively large numbers in autumn. The milder climate of 
Newcastle results in this pattern sometimes being displaced by one or two 
months and there being no period when Drosophila disappear (figure 3.5a).
Table 3.16 shows the multiple regressions of the absolute numbers and 
the proportions of each species with the climatic variables for all 
successful collections. In general the species proportions correlate more 
with the climatic variables than do the absolute numbers. Of the three 
minor species D. hydei and D. busekii do not have significant 
regressions. This appears to be a result of both their small overall 
numbers, and the fact that they appear at intermediate temperatures during 
spring and autumn (see figures 3.5a, b and c). This corresponds to the 
results of the latitudinal collections in which they were also in small 
overall numbers but concentrated at intermediate latitudes (section 
3.1.4.2). The proportion of D. immigranst as in the latitudinal survey, 
is negatively correlated with minimum temperature (DMIN) and, although it 
also peaks in spring and autumn, this species is still present at lower 
temperatures than D. busokii and D. hydei. In fact, in contrast to the 
latitudinal collections, D. immigrans is here present at far lower 
temperatures and is definitely more cold-tolerant than D, melanogaster 
(see figures 3.5a, b, and c).
As in the latitudinal collections, the number and proportion of 
D. melanogaster have strong significant positive correlations with TMIN.
In contrast to the latitudinal collections, however, the proportion of
FIGURE 3 . 5 a  T o t a l  numbers  of D rosoph i la ,  s p e c i e s  c o l l e c t e d  and mean d a i l y  
maximum and minimum t e m p e r a t u r e s  f o r  month  of  c o l l e c t i o n  (MAX 
and MIN) f o r  c o l l e c t i o n s  f r o m  N e w c a s t l e  i n  1980 an d  1981.  Bar  
g r a p h s  show p r o p o r t i o n s  of  Drosophila  c o l l e c t e d  w h ic h  were  of 
e a c h  s p e c i e s .
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D. simulans is negatively and significantly correlated with temperature 
(TMAX). The ratio of these two species (expressed as D. simulans!
(D . melanogaster + Z?. simulans) * 100 and arcsin transformed before 
analysis) also increases significantly with decreasing temperature. The 
general patterns over all successful collections for the three commonest 
species can be summarised as follows: as monthly temperatures decrease
there is also a decrease in the number and proportion of D . melanogaster 
corresponding with an increase in the proportions (but not necessarily in 
the numbers, because total collection sizes are decreasing) of D. simulans 
and/or D . immigrans (see figures 3.5a, b and c).
It is apparent that monthly mean temperatures generally correlate 
with species abundance as least as well as do daily temperatures, which 
vindicates the use of the former measures in the latitudinal analysis.
This suggests that the collections are reasonably representative of the 
flies actually present, whose abundance is affected by seasonal 
conditions, rather than just being a reflection of the flies that come to 
traps because of the conditions on a particular day.
Overall the results of the latitudinal and seasonal surveys are 
consistent, with TMIN being the major determinant of species abundance. 
However, there are some anomalies in the latitudinal data since, at some 
of the coldest sites in the south collections, D. melanogaster outnumbers 
D. simulans and D. immigrans is not present. Geographical relationships 
with temperature for the two sibling species are thus weaker than seasonal 
relationships, possibly because of the great variation in sites 
independent of latitude and temperature.
The patterns of D . melanogaster and D. simulans in both sets of data 
agree with the few collection studies published for Australia. The summer 
peak of Z7. melanogaster and the autumn peak of D. simulans have been 
described by a number of workers (Mather 1956, McKenzie 1974, McKenzie and
Parsons 1974a, Knibb 1982a). Likewise it has been reported elsewhere that 
D. melanogaster is more common in northern Queensland (Bock 1976, 1977), 
while p. simulans is more common in southern Queensland (Mather 1955,
Knibb 1982), Canberra (Oakeshott et al. 1982a) and Melbourne (McKenzie and 
Parsons 1974a).
McKenzie and Parsons (1974a) found that the D, melanogasterI 
D. simulans ratio (that is, the reverse of the ratio used here) increases 
with both mean temperature and mean temperature fluctuation. The first of 
these two correlations agrees with that found here, however McKenzie and 
Parsons suggested that the second correlation is the more important one.
In their study mean temperature and mean temperature fluctuation are 
highly and positively correlated.
In the seasonal collections here temperature range (TMAX - TMIN) is 
positively correlated to TMAX (and thus mean temperature, r=0.51, p<0.001) 
rather than TMIN (r=0.11, not significant), whereas in the latitudinal 
collections the reverse is true (range with TMAX, r=-0.08, not 
significant; range with TMIN, r=-0.80, p<0.001). Yet, in both, the 
relationships of D. melanogaster with TMIN are consistent and negative 
(see tables 3.9 and 3.16). This suggests that TMIN is the important 
parameter, and this is supported by an examination of the colder months 
when D. melanogaster disappears and D . simulans is still present. Such 
months can also be found in McKenzie's and Parsons' data. Neverthless, it 
is true that the proportion of D . simulans and the species ratio are both 
significantly and negatively correlated with TMAX in the Canberra and 
Newcastle seasonal collections, which means that they are also negatively 
correlated with temperature range in agreement with the correlation found 
by McKenzie and Parsons (1974a). However, these correlations are not as 
strong as those for D. melanogaster and if small collections are excluded, 
then the species ratio regresses with TMIN rather than TMAX.
In Australia then, the relative abundance of D. melanogaster is 
inversely related to temperature and generally it only outnumbers 
D. simulans at relatively high temperatures (mostly TMIN>16°C). The 
proportion of D. simulans increases both with latitude, and with seasonal 
changes, such that it is only outnumbered by D. melanogaster in summer. 
This contrasts to much conventional wisdom both from laboratory studies 
and field collections in other parts of the world (see sections 1.2 and 
1.3). From the present study D. simulans would seem to be both more cold 
tolerant and less affected by changes in temperature than 
D. melanogaster. Temperature only explains a proportion of the variance 
in the species ratio and other factors must also play a role, however it 
is certainly an important determining factor.
3.2.5 Associations Between Species 
Table 3.17 shows the correlation coefficients between each pair of 
species again with each species expressed as a proportion of flies 
collected. Interestingly, as with the latitudinal collections,
D. melanogaster and D. immigrans are significantly negatively correlated, 
and D. busckii and D. immigrans are significantly positively correlated 
(c.f. table 3.10). These relationships can be explained by the opposite 
signs of the correlations of D. melanogaster and D. immigrans with 
temperature, and the appearance of D. busckii and D. immigrans together in 
autumn. However, there are also differences from the associations found 
in the latitudinal survey, as D. hydei is not significantly correlated 
with D. busckii or D. immigrans, and these might simply reflect the 
variation in the proportions of the different species. This suggests that 
some or all of the significant correlations between species, in both the 
seasonal and latitudinal collections, are probably just a reflection of 
similar or contrasting distributions over time or space, rather than the 
result of direct interactions between species.
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3.2.6 Effect of Wine
Paired t-tests were carried out for each species comparing the 
percentage of total flies caught in wine and non-wine traps. The only 
significant result is for D. melanogaster for collections of this species 
of over 20 flies (t=-1.90, p<0.05 on a one-tailed test), which had a 
slight preference for wine (43% versus 36%). D. simulans showed no 
preference (55% versus 58%) and D. immigrans showed a non-significant 
avoidance of wine (33% versus 46%) but there are too few collections of 
the other two species to draw any conclusions. These results are not 
inconsistent with the findings of Oakeshott et at. (1982a) who found 
D. melanogaster had a significant preference for, D. simulans a non­
significant preference for, and D . immigrans a significant avoidance of 
fruit with the highest ethanol levels. However, it would appear from the 
small magnitude of the differences in the present study that the two types 
of trap are having little effect on the results in general as discussed 
above.
3.3 COLLECTIONS FROM NORTH AMERICA
Data on the collection of D . melanogaster and D. simulans from the 
United States of America and Canada were kindly sent by Dr. J.A. Coyne and 
Dr. F.M. Cohan. These data include 61 collections from 31 localities, 
mostly in the western states, over the years 1979 to 1983. The total 
number of flies collected was 12,834, of which 6,339 (49%) were 
D. simulans• Other Drosophila species are not included in these data.
The collections vary in number from 2 to 1,684 with a mean of 210.4 ±
46.2. (See Appendix II for the raw data and the addresses of the 
collectors).
The regression of the species ratio (D. simulans/ (D. melanogastev + 
D» stmulans) * 100, arcsin transformed before analysis) with latitude is 
highly significant, but in this case negative (treating latitude as 
unsigned distance from the equator, r=0.48, b=-4.2, p<0.001, longitude not 
significant, c.f. table 3.8 for Australia). Because temperature data are
not readily available the collections are divided into five sets of
0 -locations (areas). These are:
1) British Columbia, Washington and Oregon (42° 22’ to 49° 16’ N),
2) north-western California (36° 52’ to 39° 46’ N),
3) central-eastern California (34° 55' to 36° 46’ N),
4) southern California and one location in Arizona (32° 50' to 34°
12' N),
5) Maryland (north-eastern U.S.A., 39° 1' to 39° 2’ N).
The collections have also been divided into four seasonal groups, each 
season being three months of the year ("winter" here defined as December 
to February and so on). A breakdown of the species ratio by area and 
season and the results of a two way analysis of variance (area by season) 
of this ratio are given in table 3.18. (Similar results are obtained if 
collections under ten flies are excluded.) As expected from the 
regression with latitude the effect of area is highly significant, however 
that of season and the two way interaction are not significant. In fact 
in contrast to the latitudinal distribution, the highest ratio (albeit not 
significantly so) is in winter and the lowest in summer.
These results greatly contrast with those from Australia. First,
D . melanogastev outnumbers D . simulans far more frequently; second, the 
latitudinal regression of species ratio is in the opposite direction; and 
third, on the basis of the above analysis no significant seasonal pattern 
is evident, whereas in Australia the seasonal pattern is more marked than 
the latitudinal pattern.
C b r V c i  © v - >  w a s  c \ \ s o  v N C k V  Q . U O . v c q ^ d  s , o  c o o l e d  v n o b  t > 2 ,
anq lyScd, c\)V^ooc.K skVes, o-t " vvioulcd -be.
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TABLE 3.18
Analysis of 61 collections of D. simulans and D. melanogaster from North 
America (see Appendix II for raw data). See text for definitions of seasons 
and areas (section 3.3).
(i) Mean species ratio 
North America by area 
or area is given by n.
(Z?. simulans/ (D. simulans 
and season. The number of
+ D. melanogaster x 
collections for each
100) for 
season
Area Winter Spring Summe r Autumn Total n
1 - - 0.0 0.0 0.0 (6)
2 40.0 - 26.8 41.9 36.1 (25)
3 75.5 35.4 21.4 46.9 33.7 (14)
4 36.6 50.3 81.8 93.4 70.2 (11)
5 - - - 41.1 41.1 (5)
All 44.5 42.8 33.9 40.9 38.5 (61)
n (7) (6) (6) (22) (61)
(ii) Results of two 
ratio (£>. simulans/ 
for North America.
way
(Z7.
analysis of variance (area by 
melanogaster + D. simulans) *
Sum of Squares df Mean
season) for species 
100, arcsin transformed)
Square F value
season 2433 3 811 0.7
area 21812 4 5453 4.4*
season by area 5486 6 975 1.8
residual 58491 47 1244
* p<0.05
Patterson (1943) argued from the results of collections made at 
Aldrich Farm, near Austin, Texas, that both species disappear in winter 
and the numbers of D . melanogaster build up in spring before those of 
D. simulans. D* simulans apparently becomes predominant over the summer 
months and maintains this predominance until early winter. Patterson's 
seasonal data do not include continuous collecting records identifying the 
two species separately but represent collections over periods of a few 
months from different years. However, to support his thesis he presented 
mean collection numbers (for which males of the two species were 
distinguished) from different states in all of which the species ratio 
(D . simulans/ (D . melanogaster + D. simulans) * 100) is greater in the 
July-December period than the January-June period (see table 3.19). The 
same can be done with the more recent data, in this case by area instead 
of by state as in table 3.19.
This table shows that these data have a similar trend to Patterson's 
latitudinally but not between the two halves of the year, and in a two way 
analysis of variance (half of year by area) area is again the only factor 
with a significant effect. This may be due to the unsystematic nature of 
the more recent data. However, this is impossible to determine as no 
recent large scale distribution studies for North America have been 
published. From the geographical distributions of the two species in 
North America it would appear as if D. melanogaster is more cold 
tolerant. If this is so, it is not clear why D. melanogaster should drop 
more quickly in numbers over autumn than D. simulans.
3.4 COMPARISONS BETWEEN CONTINENTS IN THE DISTRIBUTION OF THE COSMOPOLITAN
SPECIES
3.4.1 Minor Species
The geographic and seasonal distributions of the four minor 
cosmopolitan species are consistent with their occurrence in other parts 
of the world as reviewed by Parsons and Stanley (1981a). D. ananassae 
which is the most cold-sensitive cosmopolitan, is only found in tropical 
and sub-tropical habitats. It is thus common in Africa, South-East Asia 
and South America. D. immigrans is generally widespread and possibly more 
cold-tolerant than D. simulans and D. melanogaster. D. busekii and 
D. hydei are rarer temperate zone species. The remaining two cosmopolitan 
species which were not found are D. repleta, which appears to be very 
rare, and D. funebris which occurs only in extremely high latitudes.
3.4.2 D. simulans and D. melanogaster
A summary of the geographic and seasonal trends of D. simulans and 
D. melanogaster on six continents is given in table 3.20 from the results 
discussed in this chapter and previous work discussed in section 1.2. It 
can be seen that there is little consistency in the patterns on different 
continents, and thus predictions about trends on one continent cannot be 
made from those on another continent. The situation is too complex to 
make world-wide generalisations. This is consistent with the conclusion 
of David et al. (1984) that seasonal patterns of the two species from one 
locality are much more alike than the patterns of populations of the same 
species from different continents (see section 1.2.6).
Seasonal trends from different continents, although often 
superficially similar, may in fact have different underlying factors.
Thus McKenzie and Parsons (1974a) found population expansions in 
Melbourne, Australia during spring for D. melanogaster and late summer for
TABLE 3.20
Comparison of trends in the distributions of D. eimulans and D. melanogaeter 
on different continents. Species ratio is defined as D. simulane/
(D . simulane + D. melanogaeter) * 100.
CONTINENT GEOGRAPHICAL SEASONAL
Australia Weak to moderate
correlations with latitude 
and minimum temperature.
V. melanogaeter 
positively correlated with 
latitude and negatively 
correlated with 
temperature, D. eimulans no 
apparent correlations 
overall, so species ratio 
also tends to be positively 
correlated with 
temperature.
N. America Strong positive correlation
of species ratio with 
latitude (and thus 
temperature?)
Europe Conflicting evidence,
suggestion of species ratio 
decreasing with latitude, 
but not necessarily with 
temperature.
Africa No conclusive data but
S. America pattern seems patchy with
no definite trends except 
D. eimulans appears to be 
more abundant than 
D. melanogaeter in colder 
parts of S. America.
Asia D . eimulans absent from
India, Southeast Asia and 
New Guinea, first found on 
Japanese mainland in 1972. 
D. melanogaeter common in 
India and Japan (but 
declining in areas where 
D. eimulans is common), 
rare in Southeast Asia, 
first found in New Guinea 
in 1977.
Strong seasonal trend.
D. melanogaeter peaks in 
summer, D. eimulans early 
autumn. Relative abundances 
of D. melanogaeter and 
D. simulane correlated with 
temperature, positively and 
negatively respectively; 
thus species ratio 
negatively correlated with 
temperature.
D. melanogaeter appears 
first after winter and 
peaks in summer.
D. eimulane peaks in autumn 
and predominates into early 
winter. Interpretation of 
this is not entirely clear.
Varies from site to site, 
although often 
D . melanogaeter peaks in 
summer and D. eimulans in 
autumn, although overall 
trend slightly different to 
N. America (see 
discussion).
Little data. D. eimulans 
peaks in cooler months in 
Brazil (where 
D. melanogaeter is rare). 
Peaks of abundance in both 
species appear to be often 
independent of temperature.
Data from one site in Japan 
only. D, melanogaeter 
peaked in mid-summer,
D. eimulans peaked before 
and after in early and late 
summer.
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D» simulans, and suggested that this is in general accord with Patterson’s 
results. However in their data over three years, both species start 
increasing in early spring, with D. melanogaster peaking in mid-summer and 
D. simulans increasing further to peak later when D. melanogaster is 
decreasing. This contrasts to Patterson’s finding that D. simulans 
actually begins its post-winter expansion several months after 
D. melanogaster, but is consistent with the Canberra and Newcastle data.
Likewise, Pipkin (1952) compared seasonal data from Lebanon with 
Patterson’s and found them similar. It is true in this case that 
D. melanogaster does appear first after winter, however D. simulans, which 
overall is far more numerous, has multiple population peaks. At six 
different locations it does have a summer peak but then declines before 
having a larger late autumn/ early winter peak, which is clearly a 
different pattern to that found in either Australia or North America. 
However, D, simulans is present at lower temperatures than 
D. melanogaster, the lowest temperature at which it is present being 3°C, 
which is similar to the Canberra situation.
Seasonal trends appear to differ in different parts of Europe, 
although there is some tendency again for £>. melanogaster to peak in 
summer and D. simulans in autumn. The best study is by Ochando (1980) in 
Spain. In this case D . simulans does not appear until the end of summer 
as D . melanogaster is declining, and then is present to early winter after 
D . melanogaster has disappeared. This has some similarity to Patterson's 
results, except that D . simulans does not have such a long period of 
build-up. Also, as in Australia, D. melanogaster frequency is highly 
correlated to mean monthly minimum temperature (r=0.83, p<0.01), while 
D. simulans is said to be "associated with declining temperatures".
The inconsistences across continents can either result because 
populations of the two species react differently to temperature on
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different continents, or because specific local factors confound the 
reaction of the species to temperature. It is impossible to say whether 
either one or both of these explanations is the case. However, it seems 
likely that contrasting trends, such as between Australia and North 
America, must at least in part be due to inherent genetic differences in 
the populations of one or both species. That these genetic differences 
may exist is supported by the long term changes in relative, abundances of 
the two species reported from some parts of the world (see section 1.2). 
On the other hand, there are presumably large differences in relevant 
aspects of the environment between continents as well.
One environmental difference which could play a part is the presence 
of other species. it is notable that in Australia there appears to be no 
endemic species which competes extensively with the cosmopolitans. 
However, for example, in Europe and Lebanon D. subobsouva (e.g. Pipkin
1952, Atkinson and Shorrocks 1977, Ochando 1980) and in North America
± .
D, pseudoobsoura (Patterson 1943) are common competitors.
The geographic and seasonal patterns are not inconsistent within a 
continent. Overall it appears that D. melanogaster is more cold-tolerant 
in North America but D. simulans in Australia, while neither is 
unequivocally so in the other three continents in the table. It must be 
stressed however, that there is tremendous variation among sites within 
each continent. One conclusion that can safely be drawn is that the
species distributions in North America can no longer be justified as a 
model for their distributions on other continents.
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CHAPTER FOUR
THE EFFECTS OF TEMPERATURE AND ETHANOL CONCENTRATION 
ON POPULATIONS OF D. MELANOGASTER AND D. SIMULANS
4.1 THE EFFECTS OF TEMPERATURE ON THE FITNESSES OF THE SPECIES IN SINGLE 
AND MIXED SPECIES CULTURES
4.1.1 Introduction
The results in Chapter Three suggest that in Australia natural 
populations of Z?. simulans are more cold-tolerant than those of 
D . melanogastev. Results from previous laboratory studies involving the 
effects of temperature on the two species have generally been difficult to 
relate to natural populations. The laboratory experiments discussed in 
this chapter have been undertaken in an attempt to relate such studies 
more directly to the latitudinal and seasonal patterns found in Australia.
Three basic types of temperature experiment have been done previously 
(section 1.3). The first type is the competition experiment. Only three 
such competition studies have been carried out at a temperature other than 
25°C (Moore 1952a, Tantawy and Soliman 1967, Montchamp-Moreau 1983), all 
finding that Z7. simulans is eliminated at 25°C but shows greater 
competitive ability at 15°C or 20°C. The interpretation of the first of 
these studies (Moore 1952a) suffers because the strains used were derived 
from single females. The second study used the F2 generation of flies 
derived from an Egyptian collection. However, for two reasons the results 
of this study are also difficult to relate to natural populations. First, 
the available data for Africa show no definite temperature-related trends 
in the distribution of D. simulans and D. melanogastev. Second, this 
collection was made during a period in which a long term increase in 
D. simulans was occurring in Egypt at the expense of D, melanogastev
(Tantawy et oil. 1970). The third study (Montchamp-Moreau 1983) used one 
population of each species, the two populations being derived from two 
different French collections which had been kept in the laboratory for two 
years. The numbers of flies originally collected and used to found the 
populations were not stated.
Experiments of the second type discussed in section 1.3 are those in 
which one or more fitness components are measured at different 
temperatures in single species stocks. Overall D. melanogaster1 does tend 
to appear fitter at the upper end of the temperature range generally 
examined (10°C to 30°C). However, results of these experiments do not 
indicate any clear trends in differences between the species for 
particular fitness components. With one exception no experiment appears 
to have been reported in which a fitness variable was measured in both 
single and mixed species cultures using the same stocks. The exception is 
Tantawy and Soliman (1967) who measured larva-to-adult development time in 
this way, but found no differences between the corresponding values for 
single and mixed populations, D. simulans always having a slightly lower 
value.
The third type of experiment involves "temperature-shocks" and these 
show that D. melanogastev has superior survival at extremely high 
temperatures (usually 30°C or greater), but that the comparative survivals 
of the species at low temperatures (-1°C) vary with population (e.g. 
Parsons 1977a, 1980a). These experiments were all on Australian flies but 
as discussed in section 1.3 the relevance of such results to natural 
populations is not clear. Even where such extreme temperatures occur in 
the wild, the actual range of temperature the fly may encounter and the 
period of exposure are unknown.
The experiments undertaken here were set up with the above problems 
in mind. First the stocks were all derived from a reasonably large and
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4.1.2 Results
4.1.2.1 Preliminary Analyses
For the single cultures five variables are considered here. These 
are total emergence (TOT), mean development time (MDT = sum of ix^/TOT, 
where x^ is the number of flies emerging on the ith day), the standard 
deviation of MDT (SDDT), the sex ratio (SEXRAT, expressed as % females) 
and the ratio of the female mean development time to the male mean 
development time (DTSEX). TOT has been log transformed and SEXRAT arcsin 
transformed for statistical analysis following the recommendations of 
Sokal and Rohlf (1969, pp. 382-387).
A preliminary three-way analysis of variance (species by population 
by temperature) was carried out for each variable. In each case although 
there was no significant main effect of population, there were significant 
second and third order interactions which included this term. Thus, to 
allow for a more meaningful interpretation of the results two way analyses 
of variance (species by temperature) have been done separately for each 
population (table 4.1). The results of these will be considered in the 
following sections as appropriate.
For each mixed culture the following variables are considered: total 
emergences of D. simulans, D. melanogasten and of both species together 
(SIMTOT, MELTOT and ALLTOT), species ratio (SPRAT = SIMTOT/ ALLTOT * 100), 
mean development times of D. simulans, D. melanogaster and of both species 
together (SIMMDT, MELMDT and ALLMDT), the development time ratio of the 
species (DEVRAT = SIMMDT/ ALLMDT * 100), the respective standard 
deviations of development time (SDSIM, SDMEL and SDALL) and the ratio of 
this parameter for the two species (SDRAT = SDSIM/ SDALL * 100). Again 
before statistical analysis SIMTOT, MELTOT and ALLTOT were log transformed 
and SPRAT was arcsin transformed. Two way analyses of variance
TABLE 4.1
Mean s q u a r e s  f rom two way a n a l y s e s  of v a r i a n c e  ( s p e c i e s  by t e m p e r a t u r e )  of two 
p o p u l a t i o n s  ( C l ev e l an d  and I p s wi c h )  ea ch  of D, szmulans and D. ■nelanogastev i n  
s i n g l e - s p e c i e s  c u l t u r e s  a t  f i v e  d i f f e r e n t  t e m p e r a t u r e s .  V a r i a b l e s  a n a l y s e d  
i n c l u d e  mean number of f l i e s  emerging  (TOT, l og  t r a n s f o r m e d ) ,  mean deve l opment  
t ime  (MDT), mean s t a n d a r d  d e v i a t i o n  of deve l opment  t ime  (SDDT), s e x  r a t i o  
(SEXRAT, a r c s i n  t r a n s f o r m e d )  and r a t i o  of f ema l e  t o  male deve lopment  t ime  
(DTRAT).
d f TOT MDT SDDT SEXRAT DTRAT
C l e v e  l a n d
S p e c i e s 1 0 . 4 5 2 0 3 * * * 5 6 . 5 * * * 3 . 9 4 * * 0 . 0 0 1
Te mpe  r a t u r e 4 3 . 4 8 * * * 1 5 1 2 * * * 8 . 0 * * * 1 . 0 6 0 . 0 0 3 * * *
Sp by Temp 4 3 . 3 5 * * * 13* 0 . 2 0 . 5 5 0 . 0 0 3 * *
R e s i d u a l 70 0 . 2 0 4 0 . 7 0 . 4 5 0 . 0 0 1
S p e c i e s 1 1 . 6 1 * *
I p  s w i c h  
1 4 . 0 1 . 4 3 0 . 0 0 1
T e m p e r a t u r e 4 1 . 9 6 * * * 2 4 8 1 * * * 3 0 . 0 * * * 0 .  16 0 . 0 0 1 *
Sp by  Temp 4 1 .  13** 4 4 * * 2 . 9 * 0 . 1 2 0 . 0 0 1
R e s i d u a l 79 0 . 2 5 10 1 . 1 0 . 5 1 0 . 0 0 0
*** p< 0 . 001 ,  ** p < 0 . 01 ,  * p<0.05
TABLE 4 . 2
Mean s q u a r e s  f rom two way a n a l y s e s  of v a r i a n c e  ( p o p u l a t i o n  by t e m p e r a t u r e )  f o r  
two p o p u l a t i o n s  ( C l e v e l a n d  and I p s w i c h )  of  D. sim ulans  and D. m elanogaster  i n  
m i x e d - s p e c i e s  c u l t u r e s  a t  f i v e  d i f f e r e n t  t e m p e r a t u r e s .  V a r i a b l e s  a r e  d e f i n e d  
i n  s e c t i o n  4 . 1 . 2 .
SIMTOT
P o p u l a t i o n 1 0 . 4 5
T e m p e r a t u r e 4 3 . 4 0 * * *
Pop  by Temp 4 1 . 4 3 *
R e s i d u a l 67 0 . 3 2
SIMMDT
P o p u l a t i o n 1 1 1 9 * * *
Tempe  r a t u r e 4 9 2 6 * * *
Pop  by Temp 4 8 3 * * *
R e s i d u a l 67 8
SDS1M
P o p u l a t i o n 1 0 . 5 4
T e m p e r a t u r e 4 1 . 3 1
Pop  by Temp 4 4 .  14**
R e s i d u a l 67 1 . 1 3
MELTOT ALLTOT SPRAT
0 . 0 0 0 . 6 7 * 20
2 8 . 8 2 * * * 0 . 7 8 * * * 5 5 0 3 * * *
0 . 5 6 0 . 2 1 178
0 . 5 6 0 . 10 109
MELMDT ALLMDT DEVRAT
94 7 2 * * * 15
1 2 3 6 * * * 1 1 0 9 * * * 8 0 0 * * *
68 g i * * * 50
42 9 43
SDMEL S D ALL S DRAT
16 . 1 6 * * * 2 . 2 4 1 0 8 2
1 6 . 2 1 * * * 1 . 5 2 477
7 . 7 9 * * * 3 . 6 0 * 501
1 . 0 9 1 . 22 297
*** pCO.OOl,  ** pCO.Ol ,  * p<0.05
TABLE 4.3
Significance of paired t-tests between D- sinulans and melanogaster in 
mixed cultures for two populations (Cleveland and Ipswich) at five different 
temperatures. Variables are mean number of flies emerging (Emergence), mean 
development time (MDT), standard deviation of development time (SDDT), sex
ratio and development time ratio between sexes (DT Sex).
Temp . Variable
(°C)
Emergence MDT SDDT Sex Ra tio DT Sex
Cle veland
15 * * * _ — — _
20. - - - - -
22 - - - - k k
25 * * * - k - -
29 k k k * * * - - -
Ipswich
15 k - k - -
20 - - - * -
22 - - - - -
25 k k k k k k - - -
29 k k k k k k
*** p<0.001, * * p<0.01, * p<0.05, - not significant
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(population by temperature) were carried out for each variable (table 
4.2). Paired t-tests were also done between the species for each 
population at each temperature (table 4.3). The results of these analyses 
will also be considered in the appropriate sections.
For both single and mixed cultures, analyses carried out separately 
for each sex gave essentially similar results to those for the total data 
pooled over both sexes.
For both culture types various group t-tests (both comparing adjacent 
temperatures within populations and comparing populations within species 
and temperatures) have also been done and the results of these have been 
included in appropriate tables throughout this section.
4.1.2.2 Mean Emergences
Table 4.4 gives the numbers of emergences of each species in single 
and mixed cultures.
For single cultures of both populations, the analysis of variance 
reveals significant effects due to temperature and the species by 
temperature interaction term on the total number of flies emerging (TOT, 
table 4.1). Thus, the two species have different temperature profiles for 
emergence, as can be seen from figure 4.1. The effect of species is only 
significant in the analysis of variance of the Ipswich populations for 
which, averaged over all temperatures, D. melanoga6ter> has a larger number 
of flies emerging than D. simülans»
The maximum emergence is at 20°C for both populations of D . svmulans 
and at 25°C for both populations of D, melanogaster. Both the 
D. melanogaster populations show the same trend of rising to a peak at 
25°C and falling off at 29°C, although the Cleveland population shows 
larger differences between adjacent temperatures. Cleveland D . simulans 
has a sharp peak at 20°C with a comparatively low emergence at 22°C. In
TABLE 4.4
Mean emergences (E) ± standard error (se) for two populations (Cleveland and 
Ipswich) of D. simulans and D, melanogaster at five different temperatures in 
single and mixed cultures.
D. simulans D. .melanogaster
Cleveland Ipswich Cleveland Ipswich
Temp. 
(°C)
n1 E2 ± se a3 n E ± se n E ± se d n E ± se
SINGLE
15 6 163 ± 28 ** 11 130 ± 17 9 55 ± 10 kk 9 81
± 11 
kk
20 3 386 ± 34
•kk
* 3 181 ± 63 3 169 ± 40 5 182 ± 39
22 8 99 ± 12 
k
kkk 10 175 ± 11 10 259 ± 20 10 213 ± 19
k
25 10 153 ± 15 
*
11 180 ± 23 11 318 ± 23 10 291 ± 23
29 10 192 ± 11 10 145 ± 26 10 255 ± 34 10 277 ± 20
MIXED
15 7 180 ± 30 4 116 ± 23 7 7 ± 3 4 11 ± 3
20 4 114 ± 14 3 107 ± 22 4 74 ± 34 3 85 ± 38
22 9 96 ± 10 ***
k 10 59 ± 12 9 129 ± 33
k
10 85 ± 17
kkk
25 10 34 ± 7 *
k 10 64 ± 9 10 216 ± 13 
** 10 190 ± 14
29 10 71 ± 12 10 49 ± 13 10 167 ± 10 10 169 ± 17
1. Number of replicate cultures.
2. Significant differences between adjacent temperatures given.
3. d gives the significance of the difference between populations of the same 
species at each temperature.
*** p<0.001, ** p<0.01, * p<0.05
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TABLE 4.5
(i) Ratios of mean numbers of flies emerging (D. simulans/ (D. simulans +
D. melanogaster) * 100) for two populations (Cleveland and Ipswich) in single­
species cultures at five temperatures. Significant differences from 50% are 
indicated. For numbers of replicates for each culture type see table 4.4.
Tempe rature 
(°C)
Cleve land Ipswich
15 7 5 * * * 72*
20 69** 50
22 28*** 45
25 3 2 * * * 38***
29 43 3 4 * * *
(ii) Mean species ratio in mixed cultures ((D. sinv.ilans/ (D. simulane +
D. melanogastev) * 100) for two populations (Cleveland and Ipswich) at five 
different tempartures. Significant differences from 50% are indicated. For 
numbers of replicates for each culture type see table 4.4.
Tempe r a t u r e 
(°C)
Cleveland d 1 Ipswich
15 9 4 * * * 9 1*
20 58 54
22 39 35
25 10*** * * * 22***
29 2 2*** 13**
1 d indicates significant differences between populations in species ratio
***** p<0.001, p<0.01, * p<0.05
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contrast, Ipswich D . simulans has a rauch more even pattern of emergence 
across temperatures, the only significant differences being between 15°C 
and 22°C, and 15°C and 25°C.
The analyses of variance for mixed cultures (table 4.2) show that 
the effects of temperature on MELTOT, SIMTOT, ALLTOT and SPRAT are again 
highly significant while the effects of population are not significant.
In particular for both populations, D. simulans has a significantly higher 
emergence at 15°C and D. melanogast&r* has a significantly higher emergence 
at 25°C and 29°C (table 4.3, see figure 4.2). For D. melanogastev a 
similar pattern to the single cultures is found in the mixed cultures and 
again there is little difference between the populations. The 
D . simulans results are slightly different between the two culture types, 
with the peak emergences at the lower temperature of 15°C in the mixed 
cultures. The difference between the species in the temperatures for 
their peak emergence is thus greater in mixed than in single cultures. 
Despite the overall shift in pattern for D. simulans, the difference 
between its two populations remains in the mixed cultures, although not to 
the same degree as in the single 'cultures. Thus, there is a significant 
population by temperature interaction for SIMTOT (table 4.2). For 
Cleveland D. simulans there is also a slight but unexpected rise in 
emergence numbers from 25°C to 29°C in both culture types.
Numbers of both species are generally depressed in mixed relative to 
single cultures, presumably at least in part because the number of parents 
for each species in mixed cultures is only half the number in single 
cultures. However, the total emergence of a mixed culture is either 
between the mean emergences of the two corresponding sets of single 
cultures or not significantly different from the higher mean single 
emergence. Thus the total productivity of mixed cultures is not depressed 
below the mean of the corresponding single cultures.
TABLE 4 . 6
Mean d e v e l o p m e n t  t i m e s  i n  d ay s  ± s t a n d a r d  e r r o r  f o r  two p o p u l a t i o n s  ( C l e v e l a n d  
and I p s w i c h )  of D. simulans  and D. melanogaster  a t  f i v e  d i f f e r e n t  t e m p e r a t u r e s  
i n  s i n g l e  and mixed c u l t u r e s .  S i g n i f i c a n t  d i f f e r e n c e s  b e tw e e n  a d j a c e n t  
t e m p e r a t u r e s  and b e t w e e n  p o p u l a t i o n s  of t h e  same s p e c i e s  a t  t h e  same 
t e m p e r a t u r e  a r e  i n d i c a t e d .  For  numbers  of r e p l i c a t e s  f o r  e a c h  c u l t u r e  t y p e  
s e e  t a b l e  4 . 4 .
D . s i m u l a n s  D. m e l a n o g a s t e r
T e m p .  C l e v e l a n d  I p s w i c h  C l e v e l a n d  I p s w i c h
( ° C )
SI NGLE
15 3 7 . 0 ±
* * *
4 . 6 ** 4 2 . 2 ± 1 2 . 3  
* * *
3 9 . 0 ±
* * *
3 . 1 4 0 . 4 ± 6 . 0  
* * *
20 2 5 . 9 ±
* * *
0 . 5 ** 1 9 . 1 ± 1 . 3 2 4 . 4 ± 2 . 1 2 1 . 2 ± 1 . 3  
* * *
22 2 2 . 8 ± 0 . 8 * * * 1 8 . 5 ± 0 . 4  
** *
2 3 . 3 ±
* * *
0 . 8 * * * 1 8 . 3 ± 0 . 4  
* * *
2 5 1 3 . 9 ±
* ■* *
0 . 3 1 3 . 0 ± 0 . 7 1 6 . 2 ± 0 . 4 1 5 . 3 ± 0 . 3
29 1 1 . 4 ± 0 . 3 ** * 1 4 . 0 ± 0 . 5 1 5 . 6 ± 0 . 4 1 6 . 1 ± 0 . 4
MI XED
15 37 . 6 ±
* * *
1 . 9 3 6 . 0 ± 1 . 7  
* * *
37 . 2 ± 1 . 8 3 9 . 0 ± 1 . 6
*
20 2 1 . 1 ±
*
2 . 3 2 0 . 4 ± 1 . 9
*
23 . 7 ±
*
1 . 7 2 1 . 1 ± 1 . 8
22 1 7 . 7 ± 0 . 6 * * * 27 . 2 ± 1 . 5  
* * *
1 7 . 8 ± 0 . 8 * ** 26 . 1 ± 1 . 3  
* * *
25 1 7 . 4 ±
* *
0 . 4 1 7 . 8 ± 0 . 6 1 7 . 0 ±
* * *
0 . 3 1 5 . 8 ± 0 . 7  
* *
29 1 5 . 3 ± 0 . 4 1 6 . 3 ± 0 . 4 1 2 . 1 ± 0 . 6 * ** 1 3 . 9 ± 0 . 8
* * * pCO.OOl,  ** p < 0 . 0 1 ,  * p < 0 .05
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Table 4.5 and figure 4.3 give a comparison of the mixed culture 
species ratios (SPRAT) with the ratios of mean emergences in the 
corresponding single cultures. At 15°C, 25°C and 29°C, where one species 
has a definite predominance, the mean species ratio for the mixed cultures 
is even more extreme than the ratio for the single cultures. At the 
intermediate temperatures of 20°C and 22°C, where neither species strongly 
predominates, the ratios for single and for mixed cultures are similar.
In mixed cultures the species ratio has a similar pattern for both 
Cleveland and Ipswich, the only significant difference being at 25°C. 
However, in single cultures there are greater differences between 
populations in the species ratios, particularly at 20°C, 22°C and 29°C, 
which mainly reflect the differences in temperature profiles of the two 
D. simulans populations discussed above.
4.1.2.3 Development Times
Tables 4.6 and 4.7 give the mean development times and the mean 
standard deviations of development time for all cultures (see also figures 
4.4, 4.5 and 4.6). Strictly these are not development times as they are 
measured from the time the parents are placed in the bottle rather than 
the time of egg-laying, so that they could be up to two days longer than 
the true development time. However, for simplicity this measure will be 
referred to as development time.
Temperature is a highly significant factor in the analyses of 
variance for both single and mixed cultures (tables 4.1. and 4.2); for 
both populations of each species development time diminishes with 
increasing temperature. For single cultures the species by temperature 
interaction is also significant for both populations, showing that the 
species have different temperature profiles (figure 4.4). However, the 
species factor is only significant for Cleveland, for which D . simulans 
generally has a faster development time.
TABLE 4 .6
Mean deve lopmen t  t im es  i n  days ± s t a n d a r d  e r r o r  f o r  two p o p u l a t i o n s  ( C l e v e l a n d  
and I p s w ic h )  of D. simulans  and D. melanogaster  a t  f i v e  d i f f e r e n t  t e m p e r a t u r e s  
i n  s i n g l e  and mixed c u l t u r e s .  S i g n i f i c a n t  d i f f e r e n c e s  between a d j a c e n t  
t e m p e r a t u r e s  and be tween  p o p u l a t i o n s  of the  same s p e c i e s  a t  the  same 
t e m p e r a t u r e  a r e  i n d i c a t e d .  For numbers of r e p l i c a t e s  f o r  each  c u l t u r e  t y p e  
se e  t a b l e  4 . 4 .
D. s i m u l a n s  D. m e l a n o g a s t e r
Te mp .  C l e v e l a n d  I p s w i c h  C l e v e l a n d  I p s w i c h
( ° C )
SI NGLE
15 3 7 . 0 ± 4 . 6  
* * *
** 4 2 . 2 ± 1 2 . 3  
* * *
3 9 . 0 ±
k k k
3 . 1 4 0 . 4 ±
k k k
6 . 0
20 2 5 . 9 ± 0 . 5  
* * *
** 19 . 1 ± 1 . 3 2 4 . 4 ± 2 . 1 2 1 . 2 ±
k k k
1 . 3
22 2 2 . 8 ± 0 . 8 * ** 1 8 . 5 ± 0 . 4  
* * *
2 3 . 3 ±
k k k
0 . 8 * * * 1 8 . 3 ±
k k k
0 . 4
2 5 1 3 . 9 ± 0 . 3  
* * *
1 3 . 0 ± 0 . 7 1 6 . 2 ± 0 . 4 1 5 . 3 ± 0 . 3
29 1 1 . 4 ± 0 . 3 ** * 1 4 . 0 ± 0 . 5 1 5 . 6 ± 0 . 4 1 6 . 1 ± 0 . 4
MIXED
15 3 7 . 6 ± 1 . 9  
* * *
3 6 . 0 ± 1 . 7  
* * *
37 . 2 ± 1 . 8 3 9 . 0 ±
*
1 . 6
20 2 1 . 1 ± 2 . 3
*
2 0 . 4 ± 1 . 9
*
2 3 . 7 ±
k
1 . 7 2 1 . 1 ± 1 . 8
22 17 . 7 ± 0 . 6 * * * 27 . 2 ± 1 . 5
•k k  k
1 7 . 8 ± 0 . 8 k k k 26 . 1 ±
k k k
1 . 3
25 1 7 . 4 ± 0 . 4  
* *
1 7 . 8 ± 0 . 6 1 7 . 0 ±
k k k
0 . 3 1 5 . 8 ±
k k
0 . 7
29 1 5 . 3 ± 0 . 4 1 6 . 3 ± 0 . 4 1 2 . 1 ± 0 . 6 k k k 1 3 . 9 ± 0 . 8
* * * pCO.OOl, ** p< 0 .01 ,  * p<0.05
FIGURE 4.6 Mean standard deviations of development time for single and
mixed-species cultures of D. melanogaetev and D. simulans for 
two populations (Cleveland and Ipswich) at five different 
temperatures from 15°C to 29°C. Each point represents the 
mean of up to 11 different cultures (see table 4.4 for exact
numbers).
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In both the single and mixed cultures at the three lower temperatures 
(15°C, 20°C and 22°C), the mean development times are not significantly 
different between the Cleveland D. metanogaster and Cleveland D. simutans 
populations, or between the Ipswich D, metanogaster and Ipswich 
D, simutans populations. However, at these temperatures there is a great 
difference between populations of the same species (i.e. Cleveland 
D. metanogaster and Ipswich D. metanogaster, and Cleveland £>. simutans and 
Ipswich D. simutans), particularly for D. simutans (see figures 4.4 and 
4.5). For both species the Cleveland population has a lower value at 15°C 
and a higher value at 20°C and 22°C. Thus, at these three temperatures, 
particularly in mixed cultures but also in single cultures, populations of 
the different species from the same locality are more similar in 
development time than are populations of the same species from different 
localities. This is not so at the two higher temperatures of 25°C and 
29°C, when for both populations D» simutans is the faster developer in 
single cultures but the slower developer in mixed cultures (table 4.6). 
Largely because of these differences, in mixed cultures the development 
time ratio (DEVRAT) does differ significantly with temperature, although 
not with population (table 4.2)
It is at 22°C, at which the emergence numbers of the species are the 
most similar (section 4.1.2.2), that the greatest discrepancies between 
single and mixed cultures in the patterns of development time occur. In 
the Ipswich populations the development times of both species in mixed 
cultures are greatly elevated over those of single cultures, whereas for 
the Cleveland populations they are greatly reduced. In the former case 
presumably emergence is delayed by competition and becomes more even over 
time, as shown by an increase in the mean standard deviation (table 4.7 
and figure 4.6). In the latter case late developers probably do not 
emerge, as shown by the decrease in standard deviation (table 4.7 and
figure 4.6). In both cases the two species are almost perfectly matched 
in the magnitude of the difference between the two culture types. At 20°C 
and 22°C the mean development times of each species in each mixed culture 
are highly correlated (r=0.96 and 0.94, p<0.001), much more so than at the 
other three temperatures (15°C: r=0.29, 20°C: r=0.50, 29°C: r=0.64). A 
result of fairly even species emergence numbers appears to be the matching 
of development times. Thus all the indications from the emergence and 
development time data are that the greatest competition is at 20°C and 
22°C, and that the "crossover" temperature for superiority between the two 
species is between these two temperatures. In this respect the 
development time data thus agree well with the results on emergence 
numbers.
4.1.2.4 Sex Ratios
Mean sex ratios in both single and mixed cultures are never 
significantly different from 50% and thus are not here an indicator of 
stressful conditions. Sex ratios do not vary significantly with 
temperature although in some cases there is a significant but slight 
difference in sex ratio between the species (tables 4.1 and 4.3). There 
appears to be no general trend for these differences, except that in 
single cultures Cleveland D. simulans always has a higher sex ratio than 
Cleveland D. melanogastev.
The ratio of development times between sexes varies significantly 
with temperature but generally not with species (tables 4.1. and 4.3). 
Generally females emerge slightly ahead of males but this gap changes 
slightly with temperature, mostly becoming less as temperature increases.
4.1.3 Discussion
Overall, the results for emergence numbers and development times are
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consistent with the seasonal and latitudinal patterns described in the 
previous chapter, in so much as they all suggest that D. melanogastev is 
better adapted to higher temperatures than £). simulans• Such a 
correlation between laboratory results and the large-scale geographical 
and seasonal patterns of the two species has not been described before.
It should be noted however, that the two populations of each species 
are significantly different even though they were originally collected 
from sites in close proximity (50 km apart, see section 2.4.1). The 
striking similarities in the development times of the two species from 
each site suggest that either both species were adapting to some 
peculiarity of the environment at the site or else they were adapting to 
each others' presence in a different manner at the two sites. That sites 
may have particular local characteristics, in terms of either the local 
environment or the genetics of the local populations, is supported by the 
huge variation in species ratio and numbers found between adjacent sites 
in the latitudinal survey (section 3.1). This also warns against drawing 
direct conclusions about the comparative ecology of D . melanogastev and 
Z). simulans from studies comparing populations of the two species not 
taken from the same collection. The inconsistency of results from 
experiments comparing components of fitness could be due to the occurrence 
of such local adaptation in both species.
Except for the distinctive alteration in development time at 22°C, 
the single and mixed culture results are consistent, so that the 
direction, if not the degree, of superiority in competition can be 
predicted from comparison of the species in single cultures. It is 
possible that one species, most likely D. melanogastev, is better adapted 
to laboratory conditions (or rather laboratory conditions have been 
adapted to it); although this may affect the precise "crossover" 
temperature for superiority it should not, however, change the general
trend.
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The results of these experiments are not inconsistent with those of 
heat-shock experiments, which show that D. melanogaster generally has a 
higher resistance to heat and deslc-cation (at temperatures greater than 
30°C, e.g. Parsons 1980a). However, Parsons (1977a) found that the 
comparative resistances of the two species to cold shock (at -1°C) vary 
between two populations, whereas here D. simulans is seen to have a 
greater fitness at cool temperatures (13°C and 20°C). Two questions which 
arise from this comparison are whether (1) tolerance to cold shock and 
fitness at cool temperatures are different genetic characters, and (2) 
which of the two is more relevant to natural populations. The first 
question cannot be answered as the appropriate studies have not been 
reported.
With regard to the second question it is noteworthy that the seasonal 
and latitudinal data are consistent with D. simulans being fitter at 
cooler temperatures. In particular in Canberra the coldest temperatures 
would have been encountered by flies at the beginning of the winter, when 
D. simulans, but not D. melanogaster, was collected. D. simulans was 
found in a month for which the mean minimum temperature was -1.5°C and 
collected on a day when the minimum temperature was -3.7°C, although it 
would seem unlikely that flies actually experience temperatures as low as 
this. Temperatures in spring, both in Australia and in Patterson’s (1943) 
study are much higher than this before either species begins to build 
up. So, given our ignorance of the temperatures in the microenvironment 
of the fly, results from the present study appear to be more relevant to 
natural populations than those of temperature shock studies.
As well as being consistent with the field results described in 
Chapter Three, the experimental results of this section are also 
consistent with the results of previous competition experiments (Moore 
1952a, Tantawy and Soliman 1967, Montchamp-Moreau 1983, see section
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1.3). However, the flies used in these previous experiments were from 
North America, Africa and Europe respectively, and these continents, 
particularly North America, appear to have very different geographical 
patterns of species abundance from Australia. Therefore the results from 
these earlier competition experiments do not account for the patterns on 
these other continents, possibly for the reasons discussed in section 
4.1.1. A critical test of the experimental procedure used here would be 
to carry out a similar experiment on flies from North America, where 
D. melanogaster appears to be more cold tolerant than D . simulans. If the 
results are relevant to natural populations then in this case 
D. melanogaster populations should be fitter than those of D. simulans at 
low temperatures rather than high temperatures.
4.2 THE EFFECTS OF ETHANOL LEVEL AT DIFFERENT TEMPERATURES ON THE FITNESS 
OF SINGLE SPECIES CULTURES
4.2.1 Introduction
Ethanol tolerance has probably been the most extensively researched 
difference between D» melanogaster and D. simulans. As discussed in 
section 1.4, £>. melanogaster has a higher adult survival on high levels of 
ethanol, although results for larva-to-adult survival, larval choice and 
oviposition preference are not so clear-cut. In general a difference 
between the species is only clearly seen in adult survival tests where 
ethanol is the only food source or is at concentrations generally over 
5%. However, in natural environments, ethanol would rarely be the sole 
source of energy and the levels encountered by Drosophila would rarely 
exceed 5% even in wineries (Gibson et al. 1981, Oakeshott et al. 1982a).
In this second set of experiments discussed below, ethanol is not the only 
food source but a supplement to the medium and the three levels of ethanol 
used (0, 2.5% and 5%) are within the range likely to be common in the
natural environment of the flies. Single generation tests are used so 
that emergence and development times are again measured, as well as adult 
survival. Part of the aim is to examine the interaction between 
temperature and ethanol concentration. The same range of temperatures is 
used as previously, except without 22°C.
The approach utilised here follows that of the first series of 
experiments, for largely the same reasons (see sections 2.5 and 4.1.1). 
Again, each stock was derived from 50 recently caught females. For 
D. melanogastev, a population originally from inside a winery (Lindemans 
in central New South Wales, 32° 46’ S, 151° 14’ E) was compared with one 
from a distinct non-winery population (Canberra, 35° 17' S, 149° 13' E). 
One D. simülans stock was derived from the same Canberra collection. The 
other was collected in the same month from a site 55 kilometres away from 
the winery (Newcastle, 32° 56' S, 151° 46' E), since D- simulans is only 
found in very low numbers inside the winery.
A third species, D . hydei was also included in this experiment. The 
behaviour of this cosmopolitan species in this experiment might aid the 
interpretation of any differences found between the two sibling species.
D. hydei was found in large numbers in the above mentioned Lindemans 
collection, although almost totally around one barrel and without evidence 
of larval or pupal life stages. The second population of D. hydei was 
derived from the same Canberra collection as the other two species. Thus, 
again the stocks of the three species were matched as closely as possible 
and were from sites at which the seasonal patterns of abundance were known 
(section 2.5.). The experimental design thus included three factors, with 
three species, three levels of ethanol and four temperatures (15°C, 20°C, 
25°C and 29°C). All cultures were of single species and, except in four 
cases, each condition was replicated twice giving a total of 140 
cultures. The four unreplicated cultures were all Lindemans D. hydei (see 
table 4.9) for which there were insufficient flies available.
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4.2.2 Results
4.2.2.1 Preliminary Analyses
The same set of variables (with the same transformations before 
analysis) are considered here as in the single culture temperature 
experiments, with the exception that the mortality of the original parents 
(DEAD) was also measured. Four-way and three-way analyses of variance 
(species by temperature by ethanol level for each population) again gave a 
number of significant higher-order interactions for each variable. Thus a 
similar approach is taken here as in the previous analyses in this 
chapter, in this case the results from the series of two-way ANOVAS 
(species by temperature) are given for each population at each ethanol 
level (table 4.8). These are discussed as appropriate in the following 
sections. Again the results for males and females considered separately 
gave levels of significance similar to those for the total number so that 
only pooled data are presented.
4.2.2.2 Mortality
The mortality of the original parents was found to be significantly 
different among the species. Table 4.9 gives the mean number of the 80 
flies (40 females and 40 males) originally placed in each bottle (see 
sections 2.4 and 2.5) that died within the 48 hours for which they were on 
the test medium. It can be seen that both D. met ano gas ter and D. hyded 
have a negligible level of mortality under all conditions, whereas that of 
D. simulans is significantly higher on both 2.5% and 5% ethanol; the 
Newcastle population is more affected than the Canberra one. At the three 
higher temperatures the former population has a mortality of at least 90% 
on 5% ethanol. Whereas McKenzie and Parsons (1972) found that mortality 
on 6% ethanol was greater at 15°C than at 20°C and 25°C, here it tends to 
increase with temperature, although this trend is not significant.
TABLE 4.8
Mean squares from two way analyses of variance (species by temperature) for 
two populations (Canberra and Newcastle or Lindemans) each of D. melanogasterl, 
D . simulans and D . hydei in single-species cultures at four temperatures and 
on three ethanol levels. Variables include parent mortality (DEAD), emergence 
(TOT), mean development time (MDT), standard deviation of development time 
(SDDT) , sex ratio (SEX) and development time ratio between sexes .(DTRAT) . "3
species" analyses include £>. simulans, D. melanogaster and D. hydei, and "2 
species" analyses include only D. simulans and D. melanogaster.
d f 1 DEAD TOT MDT SDDT SEX DTRAT
Canberra 
0% ethanol
3 species
Species 2 6.8 8.21*** 110.3** 8.66* 0.5 0.006
Temperature 3 4.3 0.88* 591.1*** 7.7 2* 1.5 0.002
Sp by Temp 6 2.2 0.32 8.4 1.22 4.9 0.002
Residual 12 1.7 0.26 10.7 1.32 20.5 0.002
2 species
Species 1 12.3* 2.09** 183.9*** 14.33** 3.2*** 0.003
Temperature 3 3.2 1.06** 496.3*** 8.29* 0.1 0.001
Sp by Temp 3 3.8 0.04 4.3 0.88 2.5 0.000
Residual 8 2.3 0.11 6.2 1.16 7.3 0.002
2.5% Ethanol
3 species
Species 2 28.7* 4.21*** 31.1 3.74 61.9 0.002
Temperature 3 5.2 3.54*** 1223.0*** 6.89* 6.9 0.002
Sp by Temp 6 1.1 0.15 7.4 0.88 35.1 0.001
Residual 12 6.8 0.08 39.5 1.52 26.5 0.002
2 species
Species 1 49.0* 0.40 44.9 0.69 2.3 0.002
Temperature 3 5.8 2.48*** 994.9*** 6.74* 5.1 0.002
Sp by Temp 3 1.2 0.13 11.2 1.16 15.4 0.000
Residual 8 9.4 0.08 39.5 1.52 20.1 0.002
5% Ethanol
3 species
Species 2 1012.7* 8.34*** 220.8** i—■ . OO * * 246.6 0.008
Temperature 3 59.7 4.79*** 662.0*** 8.62* 93.2 0.006
Sp by Temp 6 154.7 0.63 28.3 1.70 36.2 0.005
Residual 12 239.9 0.28 20.2 1.44 96.9 0.004
2 species
Species 1 1849.0* 0.06 440.5** 31.74** 10.0 0.001
Temperature 3 150.9 5.15*** 644.7*** 8.63* 76.1 0.007
Sp by Temp 3 172.7 0.41 46.7 2.58 17.1 0.005
Residual 8 356.8 0.29 22.3 1.63 88.0 0.004
(table continued)
TABLE 4 .8  CONTINUED
df 1 DEAD TOT MDT SDDT SEX DTRAT
L i n d e m a n s /N ew c as t l e
0% E t h a n o l
3 s p e c i e s
S p e c i e s 2 0 .6 2 .52*** 77.5*** 6.06*** 8 .8 0 .000
T e m p era tu re 3 2 .6 3.24*** 519.6*** 7.53*** 5.5 0 .000
Sp by Temp 6 3 .0 1.04** 28.5*** 2.94*** 1.5 0 .0 0 0
R e s i d u a l 12 4 .0 0 .11 1.5 0 .11 10.6 0 .001
2 s p e c i e s
S p e c i e s 1 1.0 0 .1 5 54.0*** 11.04*** 0.1 0 .000
Te m pera tu re 3 2 .4 3 .07*** 478.6*** 6.02*** 4.7 0 .000
Sp by Temp 4 4 .5 1.03** 5 .4 1.53*** 1.6 0 .000
R e s i d u a l 8 4 .5 0 .11 1.5 0 .11 10.6 0 .001
2.5% :E th a n o l
3 s p e c i e s
S p e c i e s 2 810.0* 5.17*** 58.8** 1.78 28.5 0 .001
T em pera tu re 3 23 .9 5.55*** 457 .2*** 1.54 27.1 0 .001
Sp by Temp 6 17.4 0 .98** 12.5 1.81 10.3 0 .001
R e s i d u a l 10 136.3 0 .18 4 .6 1.09 36.1 0 .001
2 s p e c i e s
S p e c i e s 1 1242.5* 0 .4 0 24.7* 0 .9 0 3.0 0 .001
T em pera tu re 3 24 .6 4 .34*** 455.0*** 1.28 27 .2 0 .001
Sp by Temp 4 32.1 0 .37 8 .7 0 .57 13.6 0 .001
R e s i d u a l 8 152.8 0 .18 4 .6 0 .5 3 36.1 0 .001
5% E t h a n o l
3 s p e c i e s
S p e c i e s 2 10222.5*** 4.80* 108.4*** 7.36* 1.0 0 .008*
Te m pera tu re 3 90 .8 7 .10** 403.5*** 1.81 11.1 0 .0 0 4
Sp by Temp 6 45 .6 1.72 9 .6 0 .59 9 .3 0 .003
R e s i d u a l 10 155.1 0 .94 4 .6 1.25 11.2 0 .001
2 s p e c i e s
S p e c i e s 1 16148.4*** 4.76* 205.6*** 7.36* 1.6 0 .011*
Te m pera tu re 3 119.3 7 .10** 403 .5*** 1.81 11.1 0 .004
Sp by Temp 4 61 .4 1.72 9 .7 0 .59 9 .3 2 0 .0 0 3
R e s i d u a l 8 176.2 0 .94 4 .6 1.25 11.2 0 .001
1. Note t h a t the number of d e g re e s  of f reedom  of t h e  r e s i d u a l te rm f o r  t h e
l a s t  f o u r  v a r i a b l e s  i s  t h e  number shown r e d u c e d  by one f o r  e v e ry  c u l t u r e  i n  
which  no f l i e s  emerged ( s e e  t a b l e  4 . 1 3 ) .
*** p<0 .001 ,  ** p < 0 .0 1 ,  * p<0.05
TABLE 4.9
Mean number of flies dead (out of 80) after 48 hours on media containing 0% 
2.5% or 5% ethanol for two populations (Canberra and Lindemans or Newcastle) 
each of D. melanogastev, D. simulans and D. hydei at four different 
temperatures. Each condition was replicated twice1.
SPECIES TEMPERATURE
(°C)
0
POPULATION AND 
Canberra
2.5 5
ETHANOL LEVEL (%)
Lindemans / Newcastle 
0 2.5 5
15 0.0 0.5 0.0 0.5 0.5 3.0
20 1.0 0.0 1.5 2.0 3.0 3.0
D. metanogastev
25 0.0 0.0 0.0 3.0 2.0 4.5
29 0.5 1.5 3.0 2.0 3.0 3.0
15 2.5 3.5 19.5 1.5 24.5 54.5
20 0.5 2.5 8.0 0.5 17.5 71.0
D. simulans
25 1.0 3.5 38.5 0.0 13.5 75.0
29 4.5 6.5 24.5 3.5 23.5 73.5
15 0.0 1.0 6.0 1.0 2.5 2.0
20 0.0 0.5 12.5 0.0# 0.0# 4.0
D. hydei
25 1.0 1.0 5.0 2.0# 0.0# 4.0
29 2.0 1.5 1.0 0.0 1.0 3.0
1. Except those marked # with one culture only
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4.2.2.3 Emergences
Table 4.10 gives the emergences under all conditions (see-also figure 
4.7). In the analyses of variance for all three species, on all three 
ethanol levels both the species and temperature factors significantly 
affect emergence (table 4.8). However, the significant effect of species 
is due mainly to D* hyded since, except in two cases (Canberra 0% ethanol 
and Lindemans/ Newcastle 5% ethanol), this factor is not significant in 
the analyses of variance for just the two sibling species.
D. hyded emerges in lower numbers than the sibling species under all 
conditions. For both populations of D, hyded emergence is highest at 20°C 
and 23°C on 0% and 2.5% ethanol. The emergence of the Lindemans 
population is zero at 15°C and 29°C on 0% ethanol but greater for the 
Canberra population. Under all other conditions emergence is 
negligible. Overall, numbers emerging decrease with increasing ethanol 
concentration and at the extreme temperatures (15°C and 29°C) as compared 
to the intermediate temperatures (20°C and 25°C).
D . melanogaster always emerges in higher numbers than £>. sdmulans at 
20°C and 25°C, but at the two extreme temperatures D . melanogaster is not 
always superior. Thus, the species term is generally not significant in 
the two species analyses of variance (table 4.8). At all temperatures the 
difference between species depends on population and ethanol level.
Comparisons between the two populations within each species are 
complex (figure 4.7). On 0% ethanol, the two populations within each 
species have clearly different profiles of emergence with temperature but 
on 2.5% ethanol they have very similar profiles. On 5% ethanol, the 
profiles are broadly parallel but one population of each species generally 
emerges in greater numbers than the other at all temperatures (for 
D. sdmulans, Canberra is superior to Newcastle, but for D . melanogaster,
TABLE 4.10
Mean number of flies emerging (± standard errors) of two populations (Canberra 
and Lindemans or Newcastle) each of D. melanogaster, D. sdmulans and D» hydei 
at four temperatures and three ethanol levels in single species cultures.
Each culture type was replicated twice1»
SPECIES TEMPERATURE POPULATION AND ETHANOL LEVEL (%)
(°C) Canberra Lindemans / Newcastle
0 2.5 5 0 2.5 5
15 118.5 39.5 10.0 23.5 15.5 2.0
±11.7 ± 6.7 ± 2.1 ± 6.7 ± 1.7 ± 0.0
20 359.5 345.5 240.5 274.5 290.0 297.5
±29.3 ±74.6 ±22.3 ±20.9 ±35.4 ±20.9
D» melanogaster
25 266.0 201.5 150.0 342.0 195.5 200.0
±62.2 ± 6.0 ± 2.8 ±16.9 ±47.0 ± 7.8
29 268.0 131.5 39.5 325.0 139.0 45.0
± 9.9 ±15.2 ± 0.4 ± 3.5 ±26.2 ±10.6
15 51.5 43.0 16.0 72.5 27.0 18.0
±11.7 ± 2.8 ± 3.2 ± 3.2 ± 1.4 ±11.3
20 162.5 224.5 125.0 264.0 199.5 91.5
±54.1 ± 8.8 ± 2.8 ±70.7 ±66.1 ±17.3
D» simulans
25 164.5 99.5 86.5 144.5 112.0 39.5
±14.5 ±24.4 ±35.0 ± 3.9 ±15.6 ±20.9
29 145.5 104.5 71.0 122.5 62.5 11.0
± 4.6 ± 2.5 ±14.8 ±23.0 ±15.9 ± 2.8
15 19.5 2.0 0.0 0.0 0.0 0.0
±13.7 ± 1.4 ±0.0 ± 0.0 ± 0.0 ± 0.0
20 53.5 23.0 10.5 102.6# 55.0# 0.0
± 0.4 ±16.2 ± 2.5 ± 0.0
D. hydei
25 26.5 17.0 2.5 17.0# 57.0# 0.0
±13.8 ±12.0 ± 1.8 ± 0.0
29 30.0 0.0 9.0 0.0 2.0 2.0
± 6.3 ±0.0 ± 6.3 ±0.0 ±1.4 ±1.4
1. Except those marked # with one culture only
FIGURE 4 . 7  Mean numbers  of f l i e s  e m e r g i n g  f o r  two p o p u l a t i o n s  ( C a n b e r r a  
and N e w c a s t l e  o r  L in d e m a n s )  e a c h  o f  D. s im u la n s ,
D. m elanogastev  and D. h yd e i  i n  s i n g l e - s p e c i e s  c u l t u r e s  a t  
f o u r  d i f f e r e n t  t e m p e r a t u r e s  on 0%, 2.5% and 5% e t h a n o l  
medium.  G e n e r a l l y ,  e a c h  p o i n t  r e p r e s e n t s  t h e  mean of two 
c u l t u r e s  ( s e e  t a b l e  4 . 1 1 ) .
0% Efhanot
Temperature °C
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Lindemans is superior to Canberra). This situation results in a marked 
contrast in the comparisons between species for the matched pairs of 
populations (i.e. the two Canberra populations and Newcastle £>; simulans 
versus Lindemans D. metanogaster).
In contrast to the results for the Lindemans/Newcastle and the 
Queensland populations (section 4.1), Canberra D» simulans does not have a 
higher emergence than Canberra D, melanogastev at 15°C or 20°C on 0% 
ethanol. (In fact, from table 4.8, at this level £>. melanogastev overall 
has a significantly higher level of emergence.) This could be due to 
genetic differences between the populations. Nevertheless, the experiment 
here is probably not as accurate as the previous series as there are only 
two replicates per condition, and in the earlier experiments a large 
degree of variation was found among replicates. Experimental conditions 
may also have been slightly different. For these reasons it is useful to 
consider the ratio of emergences between the species (£>. simulans/
D. melanogastev - table 4.11) as well as the absolute figures.
The ratio of emergence for the Canberra populations ranges from 0.4 
to 0.7 under all conditions except three at which D. simulans has a higher 
emergence (15°C:2.5% and 5% ethanol, and 29°C:5% ethanol). Partly because 
of these three cases the difference between the species is not significant 
on 2.5% and 5% ethanol (see table 4.8 and figure 4.7). However, the 
pattern of emergence with respect to temperature is broadly parallel here 
for the two species and for all temperatures D. simulans generally shows a 
comparative reduction in emergence with increasing ethanol similar to 
D. melanogastev. However, it is interesting that on 5% ethanol 
D. simulans emerges in greater numbers than D. melanogastev at 15°C and 
29°C, despite the higher parent mortality of the former species.
The Newcastle/ Lindemans species comparison shows the trends that 
might be expected on the basis of previous experiments. The emergence
TABLE 4.11
Ratios of mean numbers of flies emerging (D. simulans/ D. melanogaster) for 
two populations (Canberra and Lindemans or Newcastle) each of D. simulans and 
D* aeianogaster» in single-species cultures at four temperatures and three 
ethanol levels. Each culture type was replicated twice.
TEMPERATURE POPULATION AND ETHANOL LEVEL (%)
(°C) Canberra Lindemans / Newcastle
0 2.5 5 0 2.5 5
15 0.4 1.1 1.7 3.3 1.7 10.1
20 0.5 0.7 0.5 1.0 0.7 0.3
25 0.6 0.5 0.6 0.4 0.6 0.2
29 0.6 0.5 1.7 0.4 0.5 0.2
TABLE 4.12
Ratios of mean development times (£>, simulans/ D. melanogas ten) for two 
populations (Canberra and Lindemans or Newcastle) each of D. simulans and 
D . melanogaster* in single-species cultures at four temperatures and three 
ethanol levels. Each culture type was replicated twice.
TEMPERATURE POPULATION AND ETHANOL LEVEL (%)
(°C) Canberra 
0 2.5 5
Lindemans / Newcastle 
0 2.5 5
15 0.8 0.8 0.6 0.8 0.8 0.9
20 0.8 1.0 0.8 1.0 0.9 0.7
25 0.6 0.9 0.6 0.8 1.0 0.7
29 0.7 0.7 0.6 0.7 0.9 0.5
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ratio decreases with increasing temperature, as with the Queensland 
populations (section 4.1), and decreases with increasing ethanol. In the 
two species analysis of variance for 0% ethanol the species by- temperature 
interaction is significant showing that the species have different 
profiles of emergence with temperature. D. simulans emerges in greater 
numbers at 15°C, at about equal numbers at 20°C and lower numbers at 25°C 
and 29°C. The pattern on 2.5% ethanol is similar to that on 0% although 
there is less difference between the species (table 4.11, figure 4.7).
D . simulans is significantly inferior on 5% ethanol, as may have been 
predicted from its original high mortality. However, at temperatures 
below 29°C this depression in emergence on 5% ethanol is not as great as 
may have been expected. 90% mortality amongst the parents does not result 
in a 90% reduction in emergences.
4.2.2.4 Development Time
Generally the species and temperature factors have significant 
effects on MDT and SDDT in the analyses of variance in table 4.8. For all 
three species development time decreases with increasing temperatures.
The mean development time of D. hydei is always greater than that of 
D. simulans and usually greater than or equal to that of D . melanogaster 
(table 4.13, figure 4.8). Overall the development time of 27. hydei 
decreases with increasing temperature. Because its emergence numbers on 
2.5% and 5% are often zero or close to zero (table 4.10), it is difficult 
to compare development times across ethanol levels or populations. The 
mean standard deviations of development time of D. hydei are also similar 
under most conditions (table 4.14) so that under conditions where only a 
few flies are emerging, they are doing so within a period of only a few
days.
TABLE 4.13
Mean development times in days (± standard errors) for two populations 
(Canberra and Lindemans or Newcastle) each of D. melanogastev, D. simulans and 
D. hyded at four temperatures and three ethanol levels in single-species 
cultures. Each culture type was replicated twice except as indicated^-.
SPECIES TEMPERATURE POPULATION AND ETHANOL LEVEL (%)
(°C) Canberra Lindemans / Newcastle
0 2.5 5 0 2.5 5
15 43.1 51.0 53.6 40.4 39.6 39.0
±2.4 ±7.1 ±2.5 ±0.6 ±1.8
20 21.9 20.4 26.8 20.7 18.8 26.7
±0.2 ±2.0 ±4.0 ±0.6 ±0.6 ±1.3
D. melanogastev
25 19.5 16.0 20.5 16.8 14.8 16.7
±0.2 ±1.7 ±1.7 ±0.1 ±0.2 ±0.7
29 17.3 16.4 20.6 16.4 14.0 20.4
±0.6 ±2.3 ±0.5 ±0.7 ±0.1 ±0.7
15 33.9 44.1 33.1 34.7 32.8 36.5
±1.0 ±3.7 ±2.8 ±1.1 ±1.3 ±2.2
20 16.5 20.6 21.8 20.3 17.7 17.5
±1.8 ±0.3 ±3.1 ±0.5 ±1.1 ±0.5
D. simulans
25 11.7 14.5 12.4 13.4 14.4 11.3
±0.3 ±1.3 ±0.3 ±0.1 ±1.5 ±0.7
29 12.5 11.2 12.2 11.3 12.3 10.1
±1.3 ±1.0 ±0.8 ±0.4 ±0.5 ±0.1
15 37.8 51.8 - - - -
20 21.5 21.7 24.6 36.3# 21.4#
±0.9 ±1.0
D. hydei
25 22.6 17.9 18.2 15.2# 26.3#
±3.3
29 16.0 - 16.4 — 17.0 19.0
±2.3
1. A dash indicates no flies emerged from either replicate, a figure without a 
standard error indicates flies emerged from only one replicate and # indicates 
only one culture was set up.
TABLE 4.1 A
Mean standard deviations of development times in days (± standard errors) of 
two populations (Canberra and Lindemans or Newcastle) each of D. melanogaster, 
D. simulans and D. hydei at four temperatures and three ethanol levels. Each 
culture type was replicated twice except as indicated^.
SPECIES TEMPERATURE POPULATION AND ETHANOL LEVEL (%)
(°C) Canberra Lindemans / Newcastle
0 2.5 5 0 2.5 5
15 7.2 5.1 8.3 6.1 3.6 _
±1.1 ±0.1 ±0.1 ±0.2
20 3.3 2.5 4.8 2.9 1.7 4.0
±0.1 ±0.6 ±1.4 ±0.3 ±0.1 ±0.6
D. melanogaster
25 3.5 3.1 4.4 2.8 1.8 2.0
±0.1 ±0.8 ±0.1 ±0.1 ±0.1 ±0.2
29 3.8 3.8 3.1 2.3 2.6 3.1
±0.2 ±0.9 ±0.1 ±0.1 ±0.4 ±0.1
15 4.0 5.6 3.3 2.7 2.4 2.5
±0.5 ±0.8 ±0.2 ±0.1 ±0.1 ±1.3
20 1.9 2.5 2.9 2.4 2.1 2.1
±0.6 ±0.3 ±0.5 ±0.1 ±0.6 ±0.1
D. simulans
25 1.5 2.9 1.5 1.3 1.7 1.3
±0.2 ±0.1 ±0.2 ±0.1 ±0.5 ±0.3
29 2.8 1.8 1.7 1.0 1.6 2.0
±0.7 ±0.5 ±0.1 ±0.1 ±0.5 ±0.2
15 3.5 2.9 - - - -
20 2.3 1.6 2.6 5.6# 1.3# _
±0.4 ±0.1
D. hydei
25 2.9 1.3 1.5 0.8# 4.9# _
±0.8
29 1.6 — 2.2 - - -
±0.7
1. A dash indicates no flies emerged from either replicate, a figure without a 
standard error indicates flies emerged from only one replicate and # indicates 
only one culture was set up.
FIGURE 4.8 Mean development times for two populations (Canberra and
Newcastle or Lindemans) each of D. simulans, D. melanogastev 
and D, hydei in single-species cultures at four different 
temperatures on 0%, 2.5% and 5% ethanol medium. Generally, 
each point represents the mean of two cultures (see table
4.13).
M
ea
n 
de
ve
lo
pm
en
t 
tim
e 
(d
ay
s)
0% Ethanol
-oCANBERRA 
-•NEW CASTLE  
-^CANBERRA  
-a  UNDEMANS
I  D simulans 
I D melanogaster
------- □  CANBERRA
------- ■  UNDEMANS
5% Efhanol
Temperature °C
FIGURE 4.9 Mean standard deviations of development times for two
populations (Canberra and Newcastle or Lindemans) each of 
D. simulans, D. melanogastev and D. hydei in single-species 
cultures at four different temperatures on 0%, 2.5% and 5% 
ethanol medium. Generally, each point represents the mean 
two cultures (see table 4.14).
0)
E
0% Ethanol
■o CANBERRA 
*  NEWCASTLE
2.5% Ethanol 1 S ”  }
------ D  CANBERRA
------- ■  LINOEMANS
D hydei
5% Ethanol
15 20 25 29
Temperature °C
96
For both the populations of the sibling species the development time 
of D» metanogaster is never less than that, of D, simulans and is often 
significantly higher, particularly at extreme conditions, in particular on 
5% ethanol (see figure 4.8, and table 4.12 for mean development time 
ratios between the species). This could help to compensate for 
D* simulans’ comparatively poor ethanol tolerance (particularly the 
Newcastle population) as measured by adult survival and emergence, and 
could also partly explain why the difference in emergence between the 
species is not as great as for adult survival. As well, at 5% ethanol 
there may have been fewer D . simulans females laying eggs because of the 
high mortality of this species. This would reduce the variance of its 
development time and emphasize differences in mean development time 
between the species. This is consistent with the generally lower standard 
deviation of development time for D, simulans (table 4.14 and figure 
4.9). Also noteworthy here is the trend for more very late emerging flies 
for D. melanogaster* at extreme conditions. By way of contrast the 
development times of the two species on 2.5% were not significantly 
different for either population (table 4.8).
For the Canberra populations particularly, on 0% the mean development 
time of D . simulans is considerably less than for D. melanogaster (10 days 
at 15°C) and this could compensate for its inferiority in emergence. This 
situation contrasts to the Queensland populations (and to a lesser extent 
the Lindemans/ Newcastle ones) in which development time is generally 
similar for the two species. This could be because D. simulans is here 
utilising a different c*clc»p4uv/ß- strategy, possibly because of 
geographical variation in strategies or because these
populations were derived from collections at different stages of the 
seasonal abundance patterns. McKenzie and Parsons (1974b) suggest that 
Melbourne D. simulans undergoes seasonal changes in its adaptation for
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desiccation resistance and this could be true of simple temperature 
tolerance.
4.2.2.5 Sex Ratios
For the sibling species mean sex ratios are generally between 45% and 
55% females (table 4.15). They are only outside these limits (> 55% 
females) in both species and populations at 15°C on 5% ethanol (or 2.5% 
ethanol in the case of Lindemans D. melanogaster which has negligible 
survival at 15°C on 5%). This may simply be a random effect of the low 
numbers emerging in these cultures. At 0% ethanol the ratio is closest to 
50% in most cases, which corresponds to the close adherence to 50% found 
in the first experimental series. Overall there is no significant 
difference between the sibling species in sex ratio.
D. hydei has skewed sex ratios on a number of the conditions on which 
it has low emergence. This could be a result of the stress of these 
conditions and/or a random effect of the low emergence numbers. That the 
former might be the case is supported by the fact that the Lindemans 
populations still has skewed ratios (64% and 63% respectively) on 2.5 % 
ethanol at 20°C and 25°C despite relatively large mean emergence numbers 
on these conditions (55 and 57 respectively).
Development time ratios between sexes show a similar trend as in the 
previous experiments with significant variation across temperatures but 
not species and populations, and the gap between females and males 
becoming less as temperature increases.
4.2.3 Discussion
4.2.3.1 Comparisons Between Populations
The trends in the data can be viewed in a different way by comparing 
the two populations within each species (table 4.16). The Canberra
TABLE 4.15
Mean sex ratios of flies emerging in single-species cultures for two 
populations (Canberra and Newcastle or Lindemans) each of D. melanogaster>, 
D. simulans and D. hgdei at four temperatures and on three ethanol levels.
Each culture type was replicated twice except where indicated1.
SPECIES TEMPERATURE POPULATION AND ETHANOL LEVEL (%)
(°C) Canberra Lindemans / Newcastle
0 2.5 5 0 2.5 5
49.7 52.7 58.2 54.9 60.7 -
49.6 46.5 48.0 48.2 53.1 46.8
D. melanogaster
48.1 53.7 53.0 51.6 50.2 51.3
52.3 44.0 45.6 51.7 46.4 54.2
52.8 52.7 63.3 53.6 50.7 57.4
46.9 51.0 47.4 51.3 55.7 51.4
D. simulans
50.1 46.1 50.0 50.9 53.9 48.9
50.6 52.6 44.9 50.1 44.7 48.1
51.3 - - - - -
D . kysfGL L
50.5 36.7 71.4 53.9# 63.6# -
50.8 52.9 — 58.8# 63.1# -
44.9 - 50.0 - - 50.0
1. A dash indicates that less than ten flies emerged in both cultures and # 
indicates only one culture was set up.
TABLE 4.16
Ratios of mean numbers of flies emerging and mean development times between 
two populations (Canberra/ Newcastle or Lindemans) for single-species cultures 
of D» simulans and D, melanogaster at four temperatures and on three ethanol 
levels. Each culture type was replicated twice.
TEMPERATURE SPECIES AND ETHANOL LEVEL (%)
(°C) D, simulans D. melanogastev
0 2.5 5 0 2.5
Mean Emergence Numbers
15 0.7 1.6 0.9 5.0 2.5 5.0
20 0.6 1.1 1.4 1.3 1.3 0.8
25 1.1 0.9 2.2 0.8 1.0 0.8
29 1.2 1.7 6.5 0.8 0.9 0.9
Mean Development Time
15 1.0 1.3 0.9 1.1 1.3 1.4
20 0.8 1.2 1.3 1.1 1.1 1.0
25 0.9 1.0 1.1 1.2 1.1 1.2
29 1.1 0.9 1.2 1.1 1.2 1.0
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D. Stimulans population, which shows higher survival on ethanol than the 
Newcastle £). szmulans population, also shows less detrimental effect of 
high ethanol levels on emergence numbers. Mean development times are 
similar although the Newcastle population tends to have shorter 
development times on 2.5% and 5% ethanol, probably as a result of their 
higher mortalities and thus lower variance in development time.
There is a trend for the ratio of emergence numbers (Canberra: 
Newcastle D. simulans) to increase with temperature although the pattern 
is not consistent. There does not appear to be any consistent difference 
between populations for mean development time attributable to 
temperature. Overall the two populations have a more similar response to 
temperature than the two Queensland D. szmulans populations (section 4.1).
The ratio of emergence numbers of Canberra D. melanogaster: Lindemans 
D. melanogaster decreases with both increasing temperature and ethanol. 
Thus the Lindemans population is more ethanol tolerant and the Canberra 
population is more tolerant of low temperatures. The former might be 
expected from studies demonstrating that populations of £). melanogaster 
inside a winery are more tolerant of ethanol than those even just outside 
it (McKenzie and McKechnie 1978, Anderson 1978), although the Canberra 
population is further south along the latitudinal cline in tolerance found 
in Australian D. melanogaster (tolerance being positively correlated to 
latitude, Anderson 1982). The latter might be expected from the facts 
that Canberra is colder than Newcastle, and that populations inside a 
winery are protected from cold to some degree. The minimum daily 
temperature inside the Lindemans winery at the time of collection in 
November was 18°C as compared to 13°C just outside.
Under all conditions the Canberra D, melanogaster population has a 
longer development time than its Lindemans counterpart, although the 
difference between the populations is usually small (tables 4.13, 4.16).
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Since the two populations both have negligible adult mortality on 2.5% and 
5% ethanol, the differences in tolerance to ethanol evident in a 
comparison of emergence numbers are then not reflected by comparable 
differences in adult survival or development time.
It is difficult to make comparisons between the two D* hydei 
populations given the smaller sample sizes. However there do appear to be 
some differences analogous to the results for D. melanogaster. The 
Canberra population of D. hydei is more tolerant to the extreme 
temperatures of 15°C and 29°C, and although both populations have 
negligible survival on 5% ethanol the Lindemans population is more 
tolerant of 2.5% ethanol.
4.2.3.2 Comparisons Between Species
The major features of the comparison between D, melanogaster and 
£>. simulans can be summarised as follows:
(1) Adult survival: adult survival on ethanol food, at all temperatures,
is greater in D. melanogaster than in D. simulans» This result 
agrees with those of previous experiments (McKenzie and Parsons 1972, 
Dickinson et al. 1984).
(2) Emergence numbers: the comparison between the species differs
markedly for the two populations. The ratio of emergence numbers 
between the species (Z?. simulans: D. melanogaster) is similar on all 
three ethanol levels for the Canberra populations but decreases with 
increasing ethanol level for the Newcastle/ Lindemans populations.
(3) Development time: D. simulans has a shorter development time under
all conditions examined, as Parsons et al. (1979) found for ethanol 
levels less than 6%, and the difference between the species is 
greatest on 5%.
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The difference between the species in tolerance to ethanol is then not 
nearly as great in the results for emergence numbers and development time 
as is those for adult survival. Even for the Newcastle/ Lindemans 
populations the differences between the species in emergence numbers on 
2.5% and 5% ethanol are still not as great as the differences in adult 
survival. Furthermore, at the extreme conditions of 15°C/2.5% and 15°C/5% 
ethanol, D. simulans is in fact superior to D. melanogastev, in both 
emergence numbers and development time in both populations. This is also 
true for 29°C/5% ethanol in the Canberra populations. Thus there is an 
interactive effect between temperature and ethanol concentration on the 
relative emergence numbers of the sibling species.
Neither the advantage of D . simulans over D. melanogastev in such 
cases as mentioned above, nor its general overlap with D. melanogastev in 
tolerance to ethanol as measured by emergence and development time, would 
be apparent in experiments measuring adult survival, particularly on 
higher levels of ethanol. Moreover, adult survival may not be the most 
relevant aspect of ethanol tolerance or utilisation in field 
populations. It may be that D. simulans females can survive on 5% ethanol 
(generally the upper limit of ethanol levels experienced by natural 
populations; Gibson et al. 1981, Oakeshott et al. 1982a) long enough to 
lay eggs and then depart. The relative tolerance of the preadults of both 
species then becomes crucial for the outcome of competition, and in this 
life stage both the development time and emergence number data here 
suggest that D. simulans is less at a disadvantage. In this regard it is 
interesting that Dickinson et al. (1984) found that larva-to-adult 
survival is comparatively higher than adult survival for D. simulans as 
compared to D. melanogastev, although their results are contradicted by 
those of Parsons et al. (1979b, see section 1.4.2). The results of larval 
choice and oviposition preference experiments also do not always parallel
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those of adult survival experiments (see sections 1.4.2 to 1.4.5 and 
1.4.9).
The suggestion that adult tolerance is not the most ecologically 
significant factor is consistent with the facts that D» hydei has a 
greater adult survival on ethanol and also a higher ADH activity than 
D. simutans, but is overall less tolerant to ethanol and tends to prefer 
fruits and vegetables with a lower ethanol content. Although it is true 
that D. metanogaster has some preference for high ethanol fruits, it is 
also the case that D. simutans does not appear to avoid such fruits and 
appears to be as well adapted to them as to fruits with a lower ethanol 
content (Oakeshott et. at, 1982a). Further, there is evidence that the 
avoidance of wineries by D* simutans is, in the first instance, a 
consequence of this species' general avoidance of human constructions 
(which, in turn, is due to its strong positive photopreference; Kawanishi 
and Watanabe 1978, Fuyama and Watada 1981, see also section 1.4.9 and 
Appendix I).
McKenzie and McKechnie (1979) found that levels of ethanol in a pile 
of grape residues at a winery were as high as 12%. D, simutans larvae 
were present in the pile at concentrations of ethanol up to 3% and 
D . metanogaster larvae at concentrations up to 7%. This is one 
environment in which the high ethanol tolerance of D. metanogaster would 
appear to be an adaptive advantage. Nevertheless, it is probable that 
larvae of the two species could tolerate ethanol concentrations higher 
than 3% and 7% respectively (as indicated by the experiments reported here 
and elsewhere, see section 1.4.3), since other factors, particularly 
temperature, would be most likely to have affected the position of larvae 
in the grape pile. Temperatures were generally over 25°C and often much 
higher. As well as having a direct affect on the position of larvae, the 
results in this chapter show that temperature can also have an effect on
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ethanol tolerance itself and D* simuZans would probably be the greater
af f ected.
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CHAPTER FIVE
ETHANOL TOLERANCE AND ADH ACTIVITY IN AUSTRALIAN POPULATIONS OF
D. SIMULANS
3.1 INTRODUCTION
As discussed in chapters one and four, many authors have suggested 
that D. melanogastev is better adapted to enviromental ethanol than 
D . sirnulans. Two main lines of evidence for this are the superior 
survival of D. melanogastev adults on ethanol-impregnated laboratory 
medium and the presence of this species, but the absence of D. sirnulans, 
in wineries. However, as argued in Chapter Four, the situation is more 
complex than these two simple facts suggest, and the evidence that 
D. melanogastev is better adapted to environmental ethanol is inconsistent 
for many natural situations.
One other possible difference between the species that is relevant 
here concerns geographical variation for ethanol tolerance. For 
D . melanogastev there is a positive association of ethanol tolerance with 
latitude (i.e. with increasing distance from the equator) both in the 
northern hemisphere, (David and Bocquet 1973a, Cohan and Graf 1985) and 
the southern hemisphere (Anderson 1982, see also Stanley and Parsons 
1981). In contrast, David and Bocquet (1975a) found no similar 
latitudinal cline for D. sirnulans in the northern hemisphere. Stanley and 
Parsons (1981) suggested that a shallow cline in the same direction as 
that for D. melanogastev may exist for D . sirnulans, although their 
evidence is based on only three population samples.
Two reasons have been suggested for the existence of latitudinal 
dines in ethanol tolerance, at least in D. melanogastev. First, David 
and Bocquet (1975a) propose that as D . melanogastev spread into temperate 
regions it became more associated with human activities such as artificial
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fruit fermentations. They do not give any explanation as to why this 
would not also have occurred for D. simulans. Second, Parsons and Stanley 
(1981) argue that temperate fermenting fruits have a higher ethanol 
content than tropical fermenting fruits and this would promote latitudinal 
gradients in ethanol tolerance in both species.
If environmental ethanol is similarly relevant to both species and 
the tolerance dines for D. melanogaster are selectively maintained, by 
whatever mechanism, then approximately parallel dines would be expected 
for D. simulans. However, this is obviously not the case in either of the 
above studies (David and Bocquet 1975a, Parsons and Stanley 1981). This 
implies that either the dine in D% melanogaster is not a result of 
selection, or environmental ethanol is of more importance to this species.
David and Bocquet (1975a) further argued that the association of 
tolerance and latitude for D. melanogaster is linked to the latitudinal
rpdines of this species in Adhr frequency which at that time had been found 
in North and Central America (Vigue and Johnson 1973, Pipkin et al. 1973) 
and are now known to also exist in Australia and Eurasia (Anderson 1981, 
Oakeshott et al. 1982b). (£>. simulans, of course has no polymorphism for
Adh electrophoretic variants and a much lower ADH activity, see section 
1.5 and also Chapter Six). However, Anderson (1982) found that although 
latitudinal dines exist for both Adhr and ethanol tolerance in Australian 
D. melanogaster, the two dines are genetically independent of each other.
It is therefore important to check the results of Stanley and Parsons 
(1981) with regard to geographic variation in the tolerance of D* simulans 
and to investigate ADH activity in this species. The purposes of the 
experiments reported in this chapter are (1) to test more thoroughly 
whether there is any significant variation among Australian natural 
populations of D. simulans in ethanol tolerance, and (2) to test whether 
this is associated with variation in ADH activity, despite the lack of 
electrophoretic variation at the structural locus.
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5.2 METHODS
The flies used were derived from the latitudinal collections reported 
in Chapter Three. 20 collections were selected from localities covering a 
range of latitude from 16° 41’S (Mossman) to 34° 56'S (Adelaide). Two 
populations were studied from one locality, Mareeba, derived from two 
nearby collecting sites. From each collection five isofema.le lines were 
established, except for Ravenshoe for which there were six and Cairns for 
which there was only one. There was thus a total of 97 lines in this 
experiment.
The protocols for testing tolerance and assaying ADH activity are 
given in Chapter Two (section 2.6). As it was necessary to weigh each 
sample of flies before assaying, weight is another variable considered 
below.
Ethanol tolerance was measured on 3.5% and 5% ethanol medium, since 
the experiments of Chapter Four and other preliminary tests indicated that 
these levels give medium rates of mortality, as well as being at the upper 
end of the range of concentrations normally found in natural food 
resources (Oakeshott et al. 1982a). Since females and males were scored 
separately there were thus four measures of tolerance (two sexes each 
tested on two concentrations), although it was not possible to estimate 
all four measures for every line. The six variables to be analysed are 
then mean weight per male fly ( WT, 10  ^mg), ADH activity (ACT, in 
arbitary units see Chapter Two), % female survival on 3.5% ethanol (F3) 
and 5% ethanol (F5), and % male survival on 3.5% ethanol (M3) and 5% 
ethanol (M5). Two replicate experiments (EXP. 1 and 2) were carried out 
as described in Chapter Two, so that for each measure an analysis of 
variance could be conducted to test the effects of isofemale line and 
population against replicate "error" terms.
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5 . 3  RESULTS
T a b l e  5 .1  and f i g u r e s  5 .1  t o  5 .3  g i v e  t h e  mean v a l u e s  of a l l  t h e  s i x  
v a r i a b l e s  f o r  e a c h  p o p u l a t i o n .
5 . 3 . 1  P r e l i m i n a r y  A n a l y s e s
Checks  can be c a r r i e d  o u t  t o  d e t e r m i n e  t h e  v a l i d i t y  of  t h e  
e x p e r i m e n t a l  method s  f o r  e a c h  e x p e r i m e n t .  As a c t i v i t y  i s  m e a s u r e d  p e r  rag 
of  f l y ,  i t  would  n o t  be e x p e c t e d  t o  c o r r e l a t e  w i t h  mean w e i g h t ,  and b o t h  
a c t i v i t y  and w e i g h t  s h o u l d  n o t  d ep en d  on t h e  number of f l i e s  a s s a y e d .
None of t h e s e  c o r r e l a t i o n s  i s  s i g n i f i c a n t  i n  e i t h e r  e x p e r i m e n t  ( T a b l e  
5 . 2 a ) .
The t o l e r a n c e  t e s t  r e s u l t s  s h o u l d  be i n d e p e n d e n t  of  t h e  d e n s i t y  of 
f l i e s  i n  t h e  t e s t  b o t t l e ,  ev e n  t h o u g h  t h e  d e n s i t y  v a r i e d  a c r o s s  t e s t s .  A 
c h e c k  of t h i s  ca n  be made by e x a m i n i n g  t h e  c o r r e l a t i o n s  b e t w e e n  s u r v i v a l  
and t h e  number of f l i e s  u s e d  f o r  a t e s t ,  f o r  e a c h  t o l e r a n c e  v a r i a b l e  i n  
e a c h  e x p e r i m e n t .
T a b l e  5 . 2 b  shows t h a t  one of  t h e s e  c o r r e l a t i o n s ,  i n v o l v i n g  F3 i n  
e x p e r i m e n t  2,  i s  s i g n i f i c a n t  a t  t h e  5% l e v e l .  I n  a d d i t i o n ,  s e v e n  o u t  o f  
t h e  e i g h t  c o r r e l a t i o n s  f o r  t h e  f o u r  t o l e r a n c e  m e a s u r e s  i n  t h e  two 
e x p e r i m e n t s  a r e  n e g a t i v e ;  t h i s  s u g g e s t s  t h a t  i n c r e a s i n g  p o p u l a t i o n  d e n s i t y  
r e d u c e s  s u r v i v a l  i n  t h e  e t h a n o l  t e s t s .  However ,  i t  was f o u n d  t h a t  when 
t h e  t h r e e  e x p e r i m e n t  2 t e s t  c u l t u r e s  w i t h  t h e  h i g h e s t  number of f l i e s  
t e s t e d  (> 40 f e m a l e s  on 3.5%) a r e  e x c l u d e d ,  t h e  o n l y  s i g n i f i c a n t  
c o r r e l a t i o n  d i s a p p e a r s  and t h e  o t h e r  t h r e e  c o r r e l a t i o n s  become e i t h e r  
a l m o s t  z e r o ,  o r  i n  f a c t  p o s i t i v e .  T h u s ,  t h e  f o l l o w i n g  a n a l y s e s  were  
c a r r i e d  o u t  a f t e r  d e l e t i n g  t h e s e  t h r e e  c a s e s ,  a l t h o u g h  i t  was fo u n d  t h a t  
e s s e n t i a l l y  t h e  same r e s u l t s  a r e  o b t a i n e d  i f  t h e y  a r e  l e f t  i n  an a n a l y s i s .
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In Table 5.2c the significance of mean differences between the two 
replicate experiments is tested with paired t-tests of the six measured 
variables. The mean values of WT, ACT, F3 and M3 are each significantly 
different between experiments. Part of the reason for activity varying 
across experiments was the necessity to use a different spectrophotometer 
in the second experiment (the first having broken down in the interim, 
section 2.6.3). All the tolerance measures are higher for experiment 1 
than experiment 2, although only two of them significantly so. This 
probably reflects the great difficulty in making up each batch of ethanol 
food in exactly the same way. Since ethanol is a volatile substance, the 
precise ethanol concentration of each bottle depends on the interval 
between the time ethanol is added to a batch of cooked liquid food (cooled 
to 50°C, see section 2.1), and the time part of this food is poured into 
the bottle. The difference in weight is harder to explain although it is 
small (a 7.6% decrease for experiment 2). It could be due to slight 
differences in culturing conditions between the two batches of flies.
Given all these considerations a multiplicative correction factor, to 
correct experiment 2 values to the mean of experiment 1, has been 
calculated from the t-test comparisons for each variable except M5, for 
which there are insufficient data. These corrections are used in the 
following analyses, although in all important respects the results are 
similar to those obtained with the uncorrected data.
Before further analysis, WT and ACT were log transformed and the 
tolerance variables angularly transformed, as recommended by Sokal and 
Rohlf (1969, pp. 382-387) for these types of variables. Once again 
approximately similar results were obtained from the analyses whether or
not the data were first transformed.
TABLE 5.2
Preliminary analyses of alcohol dehydrogenase activity (ACT, arbitrary units), 
male weight (WT, mg) and four measures of ethanol tolerance in 20 Australian 
populations of D. simulans. Ethanol tolerance was measured as female survival 
on 3.5% and 5% ethanol (F3 and F5, %) and male survival on 3.5% and 5% ethanol 
(M3 and M5, %). The number of isofemale lines assayed for each population and 
measurement is given in table 5.1. Generally each measurement was replicated 
in two separate experiments (EXP. 1 and EXP. 2).
a) Simple correlations between activity, 
assayed for each. N varied among lines
weight 
from 3
and number 
to 22.
of flies (N)
EXP. 1
N WT
EXP . 
N
2
WT
WT 0.02 0 . 17 —
ACT i 0 • >—* ►—* 1 o o N3 0.11 -0.03
b) Simple correlations between measures of ethanol tolerance and number of 
flies tested for each measure. The number of flies tested varied among 
tolerance measures and lines and between experiments from 8 to 50.
EXP . F 3 F 5 M3 M5
1 -0.06 0.07 -0. 19 -0.18
2 -0.22* -0.21 -0 . 19 -0 . 14
2#
// Omitting
-0.03 
three cases
-0.01
as described in text
0.07
(section 5.3.1).
0.18
c) Results of paired t-tests between experiments. The numbers of lines 
assayed (n) and the overall mean (± standard error) are given for each measure 
in each experiment. Columns under "t-test” give the number of lines assayed 
in both experiments (n), the significance of the t-test (sig.) and the 
correction factor for experiment 2 (corr., see section 5.3.1 and table 5.1).
n
Exp 
me an
. 1
± s e n
Exp 
me an
. 2
± s e n sig.
t-test
corr.
ACT 95 416.4 ± 42.7 93 464.0 ± 48 . 1 91 ** * 0.9100
WT 97 72.0 ± 7 . 3 93 66.5 ± 6.9 93 * ** 1.0810
F 3 9 1 61.9 ± 6.5 96 54.6 ± 5.6 90 * 1.1321
F 5 36 42 . 1 ± 7 . 0 58 34.9 ± 4.6 26 - 1.2193
M3 43 49.2 ± 7 . 5 48 26.0 ± 3.8 25 * 1.5297
M5 14 9 . 3 ± 4.6 19 8.6 ± 2.0 2 - --
pCO.OOl, * p<0.05
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5.3.2 Comparisons Among Tolerance Variables 
Table 5.3 gives the correlation matrix and means of the four 
tolerance variables. Paired t-tests show significant differences between 
all variable pairs except F5 and M3: with respect to survival the four
variables can be ordered as F3 > M3 = F5 >> M5. The correlation matrix 
shows that F3, M3 and F5 form a group distinct from M5. This is probably 
because 5% is close to the level which would kill all males.. Thus all 
lines had a very low survival of males on this concentration, as is also 
reported in Chapter Four. The number of lines involved in this test is 
also much lower. The fact that the other three tests are highly 
correlated is a further check of their validity; it is likely that ethanol 
tolerance at different levels and in different sexes would be dependent on 
at least some of the same characters.
5.3.3 Differences between Populations and Lines within Populations 
As each population consists of a group of isofemale lines, the 
appropriate analysis for each variable is a nested analysis of variance to 
determine the proportion of variance due to population, the proportion due 
to lines within each population and the proportion due to replicate 
measurements for each line (Sokal and Rohlf 1969, Chapter 10).
The results of the six analyses are given in Table 5.4. In no case 
is the effect of population significant. However, the line within 
population factor is significant for ACT and F3 and borders on the 5% 
significance level for WT and F5.
Multiple regressions against weight and activity reveal no 
significant associations of tolerance variables with activity. Weight is 
positively related to all four tolerance variables but only significantly 
so for F3 and F5 (F3: r2=0.06, b=24.3, p<0.05, F5: r2=0.06, b=53.0,
p<0.05)
TABLE 5.3
Simple correlations between four measures of ethanol tolerance for isofemale 
lines from 20 Australian populations of D. simulans. The number of lines 
assayed for each population and measure is given in table 5.1. Ethanol 
tolerance was measured as female survival on 3.5% and 5% ethanol (F3 and F5,
%) and male survival on 3.5% and 5% ethanol (M3 and M5, %). The total number 
of lines (n) and the overall mean for each variable are also given (see also 
table 5.1). Each line which was tested for one of the tolerance variables was 
assayed either in experiment 1 or 2, or in both experiments. All experiment 2 
values (except for M5) were corrected by the mean difference between 
experiments before calculation of means or further analysis (see section 5.3.1 
and table 5.2c).
F 3 F 5
F 5 ~ , * * * 0.61
M3 ~  ^, * * * 0.54 ~ _ * * *0.50
M5 0.25 0-4-3**
n me an
F 3 97 61.8
F 5 68 44 . 5
M3 66 44.4
M5 31 7 . 4
*** p<0.001, ** p<0.01
TABLE 5 .4
Suras o f  s q u a re s  ( S S ) ,  d e g re e s  o f  f r e e d o m  ( d f ) ,  means s q u a re s  (MS) and F - v a lu e s  
( F )  f r o m  n e s te d  a n a ly s e s  o f  v a r i a n c e  ( l i n e s  w i t h i n  p o p u l a t i o n )  f o r  20 
A u s t r a l i a n  p o p u l a t i o n s  o f  D. s im u la n s . T h e re  were  up t o  f i v e  i s o f e m a le  l i n e s  
f r o m  e a c h  p o p u l a t i o n  ( s e e  t a b l e  5 .1  f o r  e x a c t  num bers o f  l i n e s  and s e c t i o n  
5 . 3 . 1  f o r  m ethod  o f  o b t a i n i n g  v a lu e s  f o r  each  l i n e ) .  V a r i a b l e s  a re  m a le  
w e ig h t  (W T ),  m ale  a l c o h o l  d e h y d ro g e n a s e  a c t i v i t y  (ACT) and p e r c e n ta g e  s u r v i v a l  
o f  f e m a le s  and m a les  on 3.5% and 5% e t h a n o l  medium (F 3 ,  F5, M3, M 5 ) .
SS d f MS F
WT
P o p u l a t i o n 0 . 2 0 5 19 0 . 0 1 1 1 . 0 0
L i n e / P o p . 0 . 8 2 2 77 0 . 0 1 1 1 . 3 3
R e s i d u  a 1 0 . 7 9 5 94 0 . 0 0 8
ACT
P o p u l a t i o n 1 . 3 5 3 19 0 . 0 7  1
2 . 7 0L i n e / P o p . 5 . 1 9 5 77 0 . 0 6 8
R e s i d u a l 2 . 2 3 5 9 1 0 . 0 2 5
F 3
P o p u l a t i o n 7 2 8 6 19 3 8 3 . 5 0 - 9 7 * *
L i n e / P o p . 3 0 4 3 7 77 3 9 5 . 3 1 . 8 0
R e s i d u a l 19 7 7 0 90 2 1 9 . 7
F 5
P o p u l a t i o n 8 1 2 2 19 4 2 7 . 5 0 . 7 5
L i n e / P o p . 27 1 98 48 5 6 6 . 6 1 . 7 5
R e s i d u a l 84  14 26 3 2 3 . 6
M3
P o p u l a t i o n 5 1 8 0 19 27 2 . 6 0 . 5 0
L i n e / P o p . 2 4 9 3 2 46 5 4 2 . 0 1 . 4 1
R e s i d u a l 9 5 9 8 25 3 8 3 . 9
M5
P o p u l a t i o n 2 0 3 6 17 1 1 9 . 8 0 . 4 3
L i n e / P o p . 3 6 5 4 13 2 8 1 . 1 1 . 35
R e s i d u a l 6 6 6 2 32 2 0 8 . 2
* * *  p < 0 . 0 0 1 ,  * *  p < 0 .0 1
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Multiple regressions were also carried out for each of the six 
variables against latitude, longitude and altitude, both for individual 
lines and population means. In no case is the regression on latitude 
significant and there is no consistency in sign for the correlations 
between latitude and each of the tolerance variables (for correlations of 
individual lines, r=-0.05, -0.08, 0.06 and 0.16 for F3, F5, M3 and M3 
respectively).
5.4 DISCUSSION
5.4.1 Weight
Weight does not vary significantly among populations and does not 
significantly correlate with latitude. This appears to conflict with 
David and Bocquet's (1975a) results for the northern hemisphere, where 
they find a positive correlation between weight and latitude for both 
males and females. However, from their published graph (which is for 
female weight) this correlation is simply due to a significant difference 
in weight between six tropical African strains (within 5° of the equator) 
and the bulk of the European and North American strains (all from more 
than 20° N), which are heavier. The populations examined in the present 
study are all from between 17°S and 35°S. It is not clear from David and 
Bocquet’s (1975a) results that there would be any significant correlation 
between weight and latitude for the equivalent latitudinal range in the 
northern hemisphere.
The near-significance of the differences between lines within 
populations for weight suggests that there may be some genetic variation 
controlling weight segregating within the populations. However, for 
comparison, Atkinson (1979b) found that the heritability of body size in a 
natural population of D» melanomas ter* was not significantly different from 
zero.
no
5.4.2 ADH Activity
There is considerable variation in ADH activity across all lines, the 
largest value being 2.7 times that of the smallest, although the majority 
of values lie in a much smaller range. This degree of variation is not as 
great as that found among isofemale lines of D. melanogaster; even among 
lines fixed for either Adhr or Adh° the highest value can be four to five 
times that of the lowest (Anderson 1982).
The significant activity variation among isofemale lines of 
D. simulans could reflect genetic variation from two sources. There may 
exist electrophoretically cryptic alleles at the Adh locus which have an 
effect on activity; no screening for these has ever been reported for 
D. simulans. There may also be genes modifying ADH activity located near 
or away from the structural gene. Both these possible sources of 
variation exist in D, melanogaster, which has at least one cryptic allele, 
A d h ? (Wilks et at. 1980) and a number of activity modifiers 
throughout the genome (e.g. Ward and Herbert 1972, Birley and Barnes 1973, 
McDonald et at. 1977).
For D. simulans there is no statistically significant activity 
variation among populations and no suggestion of a latitudinal association 
as exists for D. melanogaster in Australia. This suggests that any 
selection on activity in D» simulans differs from that which leads to a 
cline in D . melanogaster. However, the cline in activity in 
D. melanogaster appears to be due entirely to a cline in Adh? frequency 
(Anderson 1982). D. simulans, of course, is not polmorphic for mobility 
variants at this locus (see Chapter Six for a discussion of the 
geographical patterns of allozyme variation in the two species).
5.4.3 Ethanol Tolerance
Tolerance to ethanol under the conditions used here shows 
considerable variation among lines, for example from 12% to 100% for the 
least severe test, F3. Females have a much higher tolerance than males, 
such that overall, their survival rate on 5% is roughly equivalent to the 
survival rate of males on 3.5%. 5% appears to be close to the threshold
level of ethanol that would kill all males from any line within the time 
period of the experiment.
Female tolerance is related positively to weight, although the degree 
of correlation is low. The relationship is also positive in males but not 
significant. A relationship between weight and tolerance has also been 
found in D» melanogastev (Oakeshott and Gibson 1981) but in this case it 
is negative. This difference between the species may reflect a genuine 
difference in any weight to tolerance relationships or may be an artefact 
of the different nature of the tests.
F3 is the only tolerance variable which shows significant variation 
among lines. The lack of significant variation among lines in the other 
three tests may also be due in part to the smaller number of lines tested 
and, for the M5 test, to the fact that mean survival is close to 0%. 
Nevertheless, in the analysis of variance for F5, the effect of isofemale 
line is very close to being significant at the 5% level, which might imply 
that there is greater genetic variation for tolerance in females than 
males.
The lack of an association between latitude and tolerance agrees with 
the results of David and Bocquet (1975a) for ten northern hemisphere 
populations of D. simulans. They used an ethanol vapour with sucrose test 
(see section 1.4) and found no cline in tolerance for D. simulans in the 
northern hemisphere. However, Stanley and Parsons (1981), using a similar 
test (but without sucrose), did find geographical variation in tolerance
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from their survey of three Australian populations of £>. simulans» They 
suggested their data are consistent with a latitudinal cline in tolerance, 
although their graph (their figure 3) shows that the variation is largely 
due to a low mean tolerance for flies from one of the three localities 
(Townsville, 19° 16T S); flies from the other two localities (Brisbane, 27° 
28’S and Melbourne, 37° 49’S) have similar mean tolerances. The 
procedures used in the present experiments are essentially the same as 
those of Anderson (1982) who was able to detect a latitudinal cline in 
tolerance for D. melanogastev in Australia.
Thus, the results of this chapter show that there is no latitudinal 
cline in ethanol tolerance in Australian D» simulans. However, as the 
results of Stanley and Parsons (1981) and Chapter Four indicate, there may 
still be some variation between individual populations which remains 
undetected in this survey.
5.5 CONCLUSIONS
No significant differences have been found among Australian natural 
populations of D. simulans in either ethanol tolerance or ADH activity. 
However, there is significant genetic variation within populations for 
both characters, although for tolerance this was only demonstrated for 
females. The variation in tolerance is not correlated with the variation 
in activity. The variation in the two characters is also uncorrelated in 
D» metanogas ter, although in the latter species the two traits vary both 
within and between populations. Tolerance in D. simulans shows a small 
correlation with weight. Weight also does not vary significantly among 
populations but borders on doing so among isofemale lines.
D. simulans shows no latitudinal cline in tolerance in either the 
northern (David and Bocquet 1975a) or southern hemispheres, whereas the 
tolerance of D» melanogast&r is positively associated with latitude in
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both cases (David and Bocquet 1973a, Anderson 1982, Cohan and Graf 
1985). If the gradient in tolerance for D. metanogastev is maintained by 
selection then the two species would appear to be reacting differently to 
environmental ethanol.
If there is a latitudinal gradient in the ethanol content of 
fermenting fruits as Stanley and Parsons (1981) propose, then one 
explanation of their different geographical patterns could be that the 
species live on different fruits. However, the evidence to date suggests 
that this is not the case to any great degree, even though D. melanogaster 
does show some preference for fermenting fruits with higher ethanol levels 
(Atkinson and Shorrocks 1977, Oakeshott et it» 1982a). It is possible 
that the larvae of the two species live in different parts of a fruit but 
such a situation has never been reported.
Further, Stanley’s and Parsons' (1981) evidence for differences in 
the ethanol content of fermenting fruits is inferred indirectly from pH 
values, which do not correlate well with the ethanol levels of various 
fruits measured by Oakeshott et at. (1982a) and Gibson et at. (1981) (see 
also section 3.1.6). Both tropical and temperate fruits can have high 
(e.g. pineapple and grape) or low (e.g. mango and apple) ethanol contents 
(Oakeshott et at. 1982a). As well, D. metanogastev populations from the 
low end of the tolerance cline, near the equator (Anderson 1982, David and 
Bocquet 1975a, Stanley and Parsons 1981), still have tolerances well above 
the level needed for survival on any naturally fermenting fruits (Gibson 
et at. 1981, Oakeshott et at. 1982a). The large variance in the 
proportions of the two species collected on the same fruit (mango) from 
nearby sites (see Chapter Three) also suggests that the Stanley and 
Parsons (1981) proposition is unlikely to be correct.
The alternative proposal of David and Bocquet (1975a) is that the 
cline in tolerance of D . metanogastev resulted from its becoming more
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closely associated with human fermenting activities as it spread into 
temperate regions. This presumably implies that D. simulans for some 
reason did not do so, perhaps because it was a later colonisation. This 
explanation is a possibility for the northern hemisphere but it probably 
does not account for the D. melanogaster cline in Australia; it is likely 
that Australia was colonised by D» melanogaster and D . simulans at a much 
later date, with the original introduction of both species most probably 
being in the more southerly latitudes (Oakeshott et dl. 1982b).
Neither can the present distribution of wineries in Australia account 
for such a strong association of tolerance with latitude. Although 
wineries tend to be concentrated in southern Australia they are still 
located over a large range of latitude and longitude, and the ethanol 
levels found inside a winery are dependent on the types of wine being 
produced rather than the location of the winery (Gibson et dl. 1981). 
Further, since the relationship of tolerance with latitude still exists 
for non-winery populations (Anderson 1982), the postulated selective 
effects on winery populations would have to be also having a large impact 
on non-winery populations, for example by the flow of tolerance genes into 
the latter. This is formally possible but seems unlikely, given that 
wineries are a relatively small proportion of Drosophila resources even in 
the south, and that many of the non-winery populations in the south are 
still many kilometres from the nearest wineries. Finally, as discussed in 
section 1.4, even the least tolerant D. melanogaster populations have a 
tolerance beyond that apparently needed to survive at the ethanol levels 
found in the majority of wineries.
The differences in the geographical patterns of ethanol tolerance for 
D. melanogaster and D. simulans cannot then be satisfactorily explained 
and it is not apparent that D . melanogaster has an ecological advantage as 
a result of its dines in tolerance. Thus, the role of environmental
ethanol in the comparative ecology of the two species remains unclear.
This is despite the facts that of the two species D. melanogaster has 
dines in ethanol tolerance, a greater mean ethanol tolerance (see Chapter 
Four), a greater ADH activity and is abundant in wineries (see Chapter 
One). Together these four facts are very suggestive, but as has been 
seen, when examined closely there are many inconsistencies. In summary, 
the mean tolerance of D» melanogaster is much higher than needed in nearly 
all natural situations, its tolerance dines cannot be correlated with 
environmental changes or otherwise satisfactorily explained, ADH activity 
does not correlate well with tolerance in flies from natural populations, 
and there is at least one possible reason other than low tolerance to 
ethanol for D . simutans being usually absent from wineries (see Appendix i 
on phototaxis).
It is still possible that tolerance per se is not important, but that 
it simply reflects the efficiency of ethanol utilisation, for example, 
such that tolerance of a high level of ethanol is related to efficient 
utilisation at a lower level. If this were the case then the apparent 
associations found in laboratory flies between ADH activity and tolerance, 
might be observed because both these characters are independently 
correlated with ethanol utilisation, activity possibly as a causal factor 
and tolerance as an incidental correlation or result.
However, as discussed in section 1.4.2, although adult tolerance is 
at least partly independent of utilisation (van Herrewege and David 1980, 
1984, Oakeshott et al. 1985), it is not possible to determine the relative 
importance of the beneficial and toxic effects for the relative survivals 
of the two species. Furthermore, the results of Chapter Four suggest that 
adult survival tests may not be the best indicators of overall ethanol
tolerance.
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Despite this, if it is assumed that D» melanogaster does have the 
superior utilisation ability, as distinct from tolerance, this could 
explain its greater presence in wineries and its preference for fruit with 
higher ethanol levels (Oakeshott et at. 1982a). If utilisation is more 
important than tolerance in natural populations, then the greater measured 
tolerance of populations of D . melanogaster from inside wineries, compared 
to that of nearby outside populations (McKenzie and McKechnie 1978, 
Anderson 1978, see also section 4.2) may indirectly reflect selection for 
high utilisation ability inside wineries. However, it still does not 
account for the dines in tolerance (or ADH activity), which under this 
hypothesis would simply reflect dines in utilisation ability. This would 
still require there to be large differences in the species’ preferences 
for food sources, which as discussed above, so far has been found not to 
be the case. Thus, there are as many problems with such a utilisation 
hypothesis as with those of David and Bocquet (1975a) and Stanley and 
Parsons (1981).
If the greater variation in tolerance is not in itself significant, 
then it must be a result of random factors or an incidental result of 
variation in other characters. The latter possibility is the more 
probable as it is unlikely that similar strong associations with latitude 
would occur in both the southern and northern hemispheres by chance alone.
Some authors (e.g. Parsons 1975a) have suggested that D. melanogaster 
has more genetic variation than D . simulans for a number of characters.
The differences in variation for tolerance between the species could 
simply be a result of similar differences in variation for characters that 
affect it, in the same way that the greater variation in D . melanogaster 
ADH activity most likely results from the dynamics of the polymorphism at 
the Adh structural gene in this species.
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Such a fundamental contrast between the two species could exist for 
two, not necessarily mutually exclusive, reasons: either the two species
have markedly different general modes of adaptation or they differ 
significantly in the dynamics of population structure and genetics. The 
next chapter examines the evidence concerning the different levels and 
causes of variation in the sibling species.
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CHAPTER SIX
GENETIC VARIATION IN THE SIBLING SPECIES
6.1 INTRODUCTION
A common belief which appears in the literature is that D. simulans 
exhibits less genetic variation than D. melanogaster and that this 
correlates with differences in the range of environments they can 
tolerate. The previous chapters discussed the ecological differences 
between the species particularly with regard to temperature and 
environmental ethanol. This chapter examines the comparative levels of 
genetic variation of the species which appear seldom to have been 
systematically surveyed.
The variation most studied within the two species falls into four 
main categories: morphological and other quantitative traits, chromosome
inversions, DNA polymorphism and single gene polymorphism. For each 
category there are two dimensions of variation that must be considered.
The first is variation among individuals within a population and the 
second is variation among natural populations, which may or may not result 
in an ordered geographical pattern such as a latitudinal gradient. Each 
category of variation is reviewed below. In addition, the section on 
single gene variation includes an analysis of new data.
6.2 MORPHOLOGICAL AND QUANTITATIVE TRAITS
Surprisingly few comparative studies of morphological variation have 
been carried out, but two classes of trait have been examined, those 
relating to body size and those involving the numbers of a particular 
structure (e.g. chaetae). As previously discussed (section 5.4.1.), 
associations between body weight and latitude for the northern hemisphere 
exist for both species (David and Bocquet 1972, 1975a, 1975b). However,
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the association for D. simulans appears from David and Bocquet's (1975a) 
published graph to depend on populations within 5° of the equator being 
significantly lighter than the bulk of populations collected from over 
20°N. As reported in Chapter Five no analogous significant association 
has been found for this species in Australia. The correlation for 
D. melanogaster in the northern hemisphere is stronger and more convincing 
than that for D. simulans (David and Bocquet 1975b), although the 
populations are all from four regions of small latitudinal variation and 
David et al. (1976) found no analogous association for populations of 
D. melanogaster from eastern Asia. There are no published results for 
D. melanogaster in the southern hemisphere. For this species significant 
differences were also found between 13 equatorial African strains and 30 
French strains in thorax length, wing length and wing width (David and 
Bocquet 1972).
The heritabilities of wing and thorax length have been found to be 
greater in D. melanogaster than D. simulans for populations from Egypt 
(Tantawy 1964, Tantawy et al. 1964). Although these differences are 
consistent over various rearing temperatures, they are small (e.g. 38% 
versus 32% for wing length at 24°C) and Rakha and Tantawy (1963) reported 
the heritability of wing length as being slightly higher in D. simulans 
than D . melanogaster. Interestingly, the heritability of wing length in 
freshly caught populations of D. melanogaster is apparently significantly 
less in summer, when numbers peak, than at other times of the year, 
whereas that of D. simulans is fairly constant (Tantawy 1964). Wing 
length was also found to vary slightly more in D. melanogaster than 
D. simulans among five north African populations. Although not at all 
conclusive, these two results suggest that the adaptation of 
D. melanogaster to season relies more than that of D. simulans on genetic 
variation instead of developmental flexibility. This contrasts to Levins
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(1969) conclusions from his acclimation to heat shock studies that 
D. melanogaster relied more on developmental flexibility and physiological 
acclimation (see section 1.3.3 and Chapter Four); however the two 
experiments may easily be measuring different physiological responses.
The second type of trait that has been examined concerns structures 
that vary in number. David and Bocquet (1972, 1975a, b) found significant 
correlations between latitude and ovariole number for both species. This 
study is based on the same populations as their study of latitudinal 
variation in body weight cited earlier in this section, and suffers from 
the same weaknesses. Thus, for each species, the correlation again 
reflects differences between equatorial and temperate populations; 
however, the authors stated that the regression lines for the two species 
are not significantly different. Again David et at. (1976) found no 
significant correlation with latitude for populations of D. melanojaster* 
from eastern Asia.
Bock and Wheeler (1972) showed that in an Australian population the 
mean number of sexcomb teeth varies from 7 to 12 in D. metanogaster* and 
from 7 to 11 in D. svnutans. However, Ohnishi and Kawanishi (1981) 
obtained a range of 7 to 15 for populations of the latter species around 
the world. They found that tooth number is not correlated with latitude 
but that there are significant differences between regions. In 
particular, North American populations have a lower mean number than those 
from Europe, Australia and Africa.
Agnew's (1973) data for several southern African populations suggest 
that abdominal bristle number varies more among D. metanogaster than 
D. simutans samples; however it is not possible to determine from his 
published figures if this difference is statistically significant. 
Sternopleural and abdominal chaetae numbers vary significantly between 
equatorial African and French D. metanogaster (David et at. 1977a). each
species normally has four dorsocentral bristles but D. melanogaster varies 
from this number more often (Sturtevant 1921). In contrast, Fraser (1963) 
found that in three natural Australian populations both species vary to a 
similar degree for scutellar bristle number, although D. melanogaster more 
often has more than four while D. simulans more often has fewer. He also 
reported that selection for increased or decreased scutellar number is 
equally effective in both species.
Thus indications are that D . melanogasterJ may be more variable both 
within and between populations for some morphological traits, particularly 
those related to body size. However, too few studies have been undertaken 
to determine whether this is a general trend.
The quantitative traits of temperature tolerance, ethanol tolerance 
and ADH activity have been previously discussed in detail.
D. melanogaster is certainly more genetically variable for the last two 
traits while D. simulans is possibly more variable for the first. Data 
discussed in section 3.1.6 show that Australian populations of D . simulans 
may be more variable than those of D. melanogaster in their preference for 
yeast.
Variation in some other miscellaneous traits has also been measured
in the two species. Allemand and David (1976) found a latitudinal cline
in oviposition circadian rhythm for 15 Northern Hemisphere populations of
D. melanogaster (see Appendix I) but there are no comparable data for
D. simulans. D. simulans varies more among strains in the inter-pulse
interval of the courtship song (Kawanishi and Watanabe 1980) and length of
recovery from CO2 exposure (McCrady and Clark 1983), and has higher 
%heritabilities for longevity and egg production (Rakha and Tantawy 
1963). Both female D. melanogaster and male D. simulans exhibit 
interstrain variation for success in producing hybrids with the other 
species (Eoff 1975, Watanabe et al. 1977). Thus for these miscellaneous
traits, if anything, D. simulans is more variable, although there are too 
few data for a general conclusion.
6.3 CHROMOSOME INVERSIONS
Ashburner and Lemeunier (1976) surveyed a large number of collections 
of the two species from around the world for the presence of polymorphic 
chromosome inversions. 53 polymorphic second and third chromosome 
inversions were found in D. melanogastev, of which at least seven are 
widespread. No inversions were found in D. Stimulans» These results agree 
with those of earlier workers who carried out more limited studies on both 
species (e.g. Freire-Maia 1964, Carson 1965, Mourad et al. 1972). This 
striking difference between the species also occurs in some other pairs of 
sibling or closely related Drosophila species (Ashburner and Lemeunier 
1976). The frequency of the cosmopolitan inversions of D. melanogastev 
are all negatively and significantly correlated with latitude in 
Australia, North America and Europe/Asia (Knibb 1982b).
Woodruff and Ashburner (1978) determined that irradiation induces as 
many chromosome aberrations (mainly inversions and translocations) in 
D . simulans as in D. melanogastev. The inversion monomorphism of the 
former is thus unlikely to be due to a lesser ability to repair chromosome 
breakages (but see Lemke et al. (1978) who found 24.8% of irradiated 
chromosomes to have aberrations in D. melanogastev but only 0.8% in 
D. simulans). It has been suggested by many authors (quoted in Woodruff 
and Ashburner 1978) that the origin of chromosome breaks in natural 
populations may be due to "breakage inducing factors" or "mutator 
elements", and thus one possibility is that these have a higher frequency 
in populations of D. melanogastev than in those of D. simulans (see also 
the following section, 6.4, for the possible identity of such elements).
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6.4 DNA POLYMORPHISM
In terms of the number of copies of a.sequence present, three classes 
of nuclear DNA are now generally recognised: unique, moderately repeated
and highly repeated.
The only study of DNA sequence variation in a single copy eukaryote 
gene published to date is that of the D. melanogastev Adh structural gene, 
of which eleven separately extracted copies were sequenced by Kreitman 
(1983). He found considerable polymorphism for base substitutions and 
deletions/ insertions. One Adh gene has also been sequenced for 
D. simulans, and the number of sustitutions between single D. melanogastev 
and D . simulans alleles is similar to the number of substitutions among 
the sequenced Z). melanogastev alleles (Bodmer and Ashburner 1984).
Further sequencing of an adequate sample of D. simulans alleles is now 
necessary to determine the amount of variation for Adh within this 
species.
Langley et at. (1982) examined the Adh region outside the Adh coding 
block by restiction endonuclease mapping in 18 D. melanogastev lines and 
one of D. simulans. As is the case for the substitutions in Adh discussed 
above, variation in insertions and deletions in the region is no greater 
between species than within D . melanogastev. However, variation in 
substitutions at the cleavage sites for the endonucleases is ten times 
greater between species. The difference in relative degrees of variation 
between insertions/ deletions and substitutions is intriguing but again 
the appropriate studies to examine variation in D. simulans remain to be 
done.
Middle-repetitive DNA, which comprises about 17% of total 
D . melanogastev DNA, is subdivided into nondispersed and dispersed 
classes. The former has been found to be at about the same frequency in 
the sibling species (Dowsett 1983), but there are significant differences
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between the species in the arrangement of the latter. For D . melanogastev 
there are 50 to 100 families of dispersed middle-repetitive DNA each with 
10 to 100 closely related member sequences (Dowsett and Young 1982).
Among strains of this species the number of member sequences in a family 
is conserved. However there are differences in their positions on the 
chromosomes, that is, they appear to have the ability to move to new sites 
in the genome; thus they are also known as transposable, mobile or nomadic 
elements (Dowsett and Young 1982).
D . melanogastev has about seven times more transposable DNA than 
D. simulans (Dowsett and Young 1982). Although most transposable elements 
in D. melanogastev are represented in D. simulans, they are often present 
in a much lower copy number and sometimes restricted to single chromosome 
locations (Young and Schwartz 1981, Dowsett and Young 1982, Dowsett 1983, 
Martin et at. 1983). A few families are abundant in D. simulans but none 
has been found to be more common in this species than in D . melanogastev 
and some are 20 times more abundant in the latter (Young and Schwartz 
1981).
One family of transposable sequences, P-elements, have not yet been 
detected in D. simulans (Engels 1983, Brookfield et al. 1984). These are 
found in P strain, but usually not in M strain, D. melanogastev, and are 
the cause of the hybrid dysgenesis that occurs when P strain males mate 
with M strain females. However, so far examinations of only a small 
number of D . simulans lines have been reported, so P-elements could still 
be present at low frequency in this species.
Nondispersed middle-repetitive DNA includes a number of families of 
genes such as ribosomal and histone genes which are tandomly repeated 
(Coen et al. 1982). A number of these have been examined in both species 
and in general are found to be highly conserved between the two (e.g. 
Dowsett 1983). No examination of the variation within each species has,
been carried out.
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22% of the D. metanogastev genome consists of highly-repeated 
(satellite) DNA, which constitutes most of the heterochromatin (Peacock 
and Lohe 1980). The mitotic chromosomes of D. simutans have a' 
distribution of euchromatin and heterochromatin similar to that found in 
D* metanogastev and the two species contain many highly-repeated DNA 
sequences in common. However, the species also have many different 
sequences and amongst the shared sequences differences also exist between 
the species in the number of tandem arrays of a repeat (Peacock et at. 
1977). Sequences so far found in D. metanogastev are present in a smaller 
copy number in D. svmutans (Cseko et at. 1979, Peacock and Lohe 1980) but 
overall the amount of highly-repeated DNA appears to be the same.
One study of the variation in mitochondrial DNA was undertaken by 
Shah and Langley (1979) for an A-T rich region representing 25% of the 
molecule. Ten isofemale lines of D. metanogastev were variable for three 
restriction sites whereas five lines of D. svmutans showed no variation. 
However this difference between the species is not statistically 
significant.
Thus a considerable amount of further work applying molecular 
techniques to population genetics is required before any definitive 
comparisons can be made between D. metanogastev and D. svmutans for their 
levels of variation in DNA sequences. Although the trend is for 
D. metanogastev to be the more variable, the one clearly established 
difference is in the relative numbers of transposable elements. Given the 
possible importance of these, in particular P-elements, in producing both 
single gene mutations and chromosome rearrangements (Engels 1983) this 
difference between the species could lead to important differences in 
their respective mutation rates. In certain genetically unstable strains 
of D. metanogastev transposition bursts involving various types of 
transposable elements (including P-elements) can result in multiple
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mutation events (Georgiev 1984, Gerasimora et aZ. 1984). In wild P- 
strains transposition of P-elements still occurs at significant, albeit 
low, frequencies (Engels 1983, Preston and Engels 1984), thus mutations 
caused by transposition could occur in natural populations of 
D* meZanogaster. Transposable elements could be the "chromosomal breakage 
factors” postulated by some authors (see section 6.3).
One interesting finding that should be mentioned here is that while 
the X and second chromosomes are similar in the two species in 
recombinational length, the third chromosome is about one third longer in 
D . simuZans, as determined by the mapping of allozyme and visible mutant 
alleles (Ohnishi and Voelker 1979). If just the standard sequence for 
D. meZanogaster is considered, then except for one large inversion on the 
right arm (Lemeunier and Ashburner 1976) the two species are 
homosequential for this chromosome. This means that in effect the mapped 
loci in D. simuZans are more spread out than those in D. meZanogaster. 
Given that (1) D. simuZans apparently has less repeated DNA overall than 
D . meZanogaster and (2) as yet no D. simuZans gene has been reported for 
which there is no analogous locus in D. meZanogaster, the cause of this 
phenomenon remains unexplained. However, it may conceivably be of some 
importance in the comparative population genetics of the species.
6.5 SINGLE LOCUS POLYMORPHISM
6.5.1 Levels of Polymorphism in the Species
There are a number of studies on the frequencies of visible mutants 
and lethal and semi-lethal genes in natural populations of D. meZanogaster 
(reviews in Lewontin 1974, Ochando 1978). The frequency of recessive 
visible mutants appears to be significantly higher than in some other 
species examined (namely D. hydei, D. muZZeri and species of the
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D. americana group), whereas that of lethals and semi-lethals lies in the 
middle of the range of a large number of Drosophila species (Lewontin 
1974). However, there is considerable variation (possibly more than in 
these other species) among natural populations of D. melanogaster for both 
classes of gene; for example, populations from Russia have lower 
frequencies than North American populations (Ives 1945). Band and Ives 
(1961, 1968) and Ives (1970) found a significant negative correlation 
between the frequency of lethals plus semi-lethals and temperature range 
(or mean temperature), both seasonally and over a number of years, for a 
Massachussetts population. There was also a suggestion from five U.S. 
populations that the frequency of these genes increases with latitude 
(Ives 1945).
The indications are then that D. melanogaster may be a relatively 
variable Drosophila species as regards visible mutants and lethals, both 
within and between populations. However, no equivalent work has been 
published on D. simulans, so it is not possible to directly compare the 
two. The only class of single gene traits for which it is possible to do 
so are allozymes.
There are ten published reports which examine allozyme variation in 
natural populations of D. simulans, all except one of which (Steiner et 
al. 1976) compare it to variation in D. melanogaster. Two reports 
(Cabrera et al. 1982, Gonzalez et al. 1982) are based on essentially the 
same data and another (Ohnishi et al. 1982) gives only heterozygosities 
rather than allele frequencies. Table 6.1 summarises the ten reports. A 
heterozygosity ratio has been calculated where possible and simply equals 
the mean heterozygosity per locus of D. simulans divided by that of 
D. melanogaster for the same set of loci. It can be seen that the level 
of variation measured is very dependent on the loci chosen and the number 
assayed. In general, heterozygosity decreases as the sample size of loci
TABLE 6.1
Results of nine previous studies of allozyme polymorphism in natural 
populations of D. sirnulans. All except one study (E) includes a survey of 
population(s) of D. melanogastev from the same region. The same number of 
populations (No.) of the two species were assayed in each study except for 
report A in which 8 populations of D. sirnulans and 2 of D. melanogastev were 
surveyed.
REPORT1 POPULATIONS LOCI2 D. sirnulans D. melanogastev RATIO3
No. Origin H4 P5 A6 H4 P5 A6
A 8,2 Greece 10 0.035 10 1.10 0.227 54 1.55 0.15
B 3 USA 6 0 0 1.00 0.233 73 1.73 0
C 1 USA 14 0.205 79 2.43 0.166 71 1.64 1.23
D 1 Greece 4 0.398 100 3.25 0.240 75 2.00 1.66
E 6 Hawaiian
Islands
15 0.073 37 1.47
F 1 Corfu 11 0.174 46 2.09 0.156 82 2.37 1.12
G 3 Greece 6 0.171 50 1.70 0.195 77 1.76 0.88
H 1 USA 24 0.059 33 - 0.160 31 - 0.37
I 2 Spain 56 0.060 32 1.44 0.080 45 1.78 0.75
1. A: O’Brien and MacIntyre (1969), B: Berger (1970), C: Kojima et at. (1970),
D: Triantaphyllidis (1973), E: Steiner et al. (1976),
F: Triantaphyllidis et at, (1980), G: Triantaphyllidis et al. (1982),
H: Ohnishi et al. (1982), I: Cabrera et al. (1982) and Gonzalez et al. (1982).
2. This is the number of assayed loci common to both species. All figures are
calculated from this sample and so differ from those reported in the original 
paper if unequal numbers of loci were sampled in the species.
3. Ratio = H (£>. sirnulans)/ H (£>. melanogastev).
4. H = mean heterozygosity per locus.
5. P = % of loci polymorphic.
6. A = mean number of alleles per locus.
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increases, mostly because a larger number of monomorphic loci are 
included.
The first two studies (O'Brien and MacIntyre 1969, Berger 1970) can 
both be criticised for their very small sample sizes of D. simulans. Both 
assayed isofemale lines established from a total of seven natural 
populations. Only one isofemale line was sampled for four of these 
populations, while for the other three populations, two, six and eight 
lines were scored respectively. (For D . melanogastev O'Brien and 
MacIntyre (1969) sampled an average of 8 lines per population and Berger 
(1970) an average of 164). Thus the very low estimates of the 
heterozygosity of D . simulans by these authors can be discounted, 
particularly as for several loci they did not record variants which were 
found to be common in later studies.
Sample sizes for the other surveys were generally large, that is over 
100 flies per locus. If the study by Triantaphyllidis (1973) is omitted 
because of the small number of scored loci, then the remaining five 
reports (C, F, G, H and I in table 6.1) give a range of heterozygosity 
ratios from 0.37 to 1.23 (0.37, 0.75, 0.88, 1.12 and 1.23). The mean 
value is 0.87, thus the tendency is for D. simulans to be less 
polymorphic. The reason for the large range is unlikely to be the origin 
of the populations since the highest and lowest values are both for North 
American populations, the rest being from Europe. Kojima et al. (1970) 
found a number of variants, particularly for D. simulans, which are not 
reported by any other author, even those using similar methods. These 
variants may not reflect allelic differences at the structural loci (see 
also section 6.5.2.3 below) and thus would artificially inflate 
heterozygosities, which could possibly explain why the heterozygosity 
ratio obtained from this group's results is the highest.
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The two studies with the largest samples of loci (Cabrera et al.
1982, Ohnishi et al. 1982) are likely to be the most reliable and these do 
show D. simulans to be less variable. However, interpretation- of the data 
of Ohnishi et al. (1982) is limited because they only give 
heterozygosities for each locus. Moreover, Cabrera et dl. (1982) scored a 
number of loci which have not been genetically mapped or established as 
being structural genes for enzymes. For example, nine putative esterase 
loci are included but only two have been mapped in both species (Ohnishi 
and Voelkner 1979), and it is known that esterases can give complex 
electrophoretic patterns often very difficult to interpret (Dickinson and 
Sullivan 1975).
The difference between the species in mean heterozygosities reported 
by Cabrera et dl. (1982) is in fact not statistically significant. Errors 
for the other measured heterozygosities were not calculated by the various 
authors. The difference between species found by Ohnishi et dl. (1982) 
may possibly be statistically significant but this is impossible to 
calculate.
Of the 66 putative enzyme loci scored in one or more of the ten 
studies, 35 were found to be polymorphic at the 1% level in at least 50% 
of studies for D. melanogastev and 22 were for D. simulans. However, the 
difference is not as great if only loci polymorphic at the 10% level are 
considered; there then are 15 and 12 polymorphic in the two species 
respectively. This results from D . melanogastev having more variants 
which are at low, but just polymorphic frequencies, whereas in D. simulans 
the loci tend to be either raonomorphic or highly polymorphic.
Ohnishi et al. (1982) also found that 19 isofemale lines of 
D. simulans exhibit no variation in 70 abundant proteins assayed by two 
dimensional electrophoresis. They compared this to the results of Leigh 
Brown and Langley (1979) who found variation for 6 of 54 proteins
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similarly scored in 20 isofemale lines of D. melanogaster, Thus again 
D. melanogaster shows more variation, although this awaits confirmation 
for other populations.
Taken overall, the data for enzyme and protein variation in natural 
populations of the two species is suggestive, if not conclusive, of 
greater single locus polymorphism in D. melanogaster than D . simulans, 
although a significant difference between individual populations of the 
two species from the one location is yet to be demonstrated convincingly.
6.5.2 Comparative Geographical Variation in the Species
No surveys involving a large number of populations have been carried 
out for any enzyme loci in D . simulans. However, ten enzyme polymorphisms 
have been analysed in populations of D . melanogaster covering up to 50° of 
latitude in Australia, North America and Europe/ Asia (Anderson 1981, 
Oakeshott et al. 1981, 1982b, 1983a, 1983b, 1984). Three types of 
geographical patterns have been found. First, six of the enzyme 
polymorphisms (Adh, Est6, Gpdh, G6pd> Odh and Pgd) show consistent and 
significant relationships with distance from the equator in all three 
geographical zones. Second, two polymorphisms (Pgm and Idh) show no 
relationship with latitude in any of the three zones. Third, the other 
two loci (Acph and Tpd) each show a significant latitudinal relationship 
in Australia but not in the other two regions. Oakeshott et al. (1984) 
suggested that random events alone cannot explain the first two patterns, 
although the interpretation of the third pattern is more difficult. The 
Aoph and Tpi loci are only 0.2 centimorgans apart on the third chromosome, 
so their similar patterns of geographical variation may result from 
selective or random processes acting on a larger chromosome region 
containing both of them.
The aim of the remainder of this chapter is to determine whether 
geographical patterns of allozyme variation similar to those in 
D. melanogaster exist for D. simulans. All of the eight enzymes which 
showed consistent patterns across the three geographical zones in the 
former species have been assayed in D. simulans in at least four of the 
ten studies cited above (section 6.5.1 and table 6.1). Two enzymes, G6pd 
and Pgd are always found to be essentially monomorphic while another, Odh, 
is found polymorphic by Kojima et al. (1970) but not by Gonzalez et al. 
(1982), Ohnishi et al. (1982) or Steiner et al. (1976). G6pd, Pgdt and 
Odh are thus not considered for further study.
Est6 and pgm are always found to be polymorphic in D. simulans and 
the three remaining enzymes (Adh, Gpdh and Idh) are claimed to be 
polymorphic in this species in at least two studies. For these five loci, 
if (1) D. simulans has the same variants at the locus as D. melanogaster, 
and (2) the geographical pattern found for the latter species is due to 
selection as postulated by Oakeshott et al. (1984), then the same 
geographical pattern might be expected for D. simulans.
6.5.2.1 Methods
A total of 62 populations of D. simulans were assayed for all five 
loci; 42 populations from Australia, 18 from North America and one each 
from Europe and Africa. An additional five Australian populations were 
assayed for Est6• Unfortunately, a number of collections sent from Europe 
were found to be all D. melanogaster. The origins of all the samples and 
the electrophore tic techniques used are given in Chapter Two. Additional 
data were collated from other reports and included in analyses as detailed 
below. The terms "fast" and "slow" always refer here to relative anodal
mobility.
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6.5.2.2 Results
Adh and Idh show absolutely no variation within or among the 62 
populations scored while only two flies heterozygous for a rare variant 
were found for Gpdh• As in all other studies the only (or commonest)
D. simutans variant is found to be slower than D. metanogastev slow for 
Adh and equivalent to D. metanogastev fast for Gpdh. The very rare Gpdh 
variant is equivalent to D. metanogastev slow, in agreement with the 
relative mobilities of the rare variants found by Kojima et at. (1970), 
Steiner et at. (1976) and Triantaphyllidis et at. (1980).
D. simutans Idh runs faster than the common D. metanogastev fast, 
which agrees with the results of Gonzalez et at. (1982) and Ohnishi et at. 
(1983) but not Kojima et at. (1970) and Eisses et at. (1979) who found 
these variants equivalent in mobility. However it is unclear from the 
form in which Kojima et at. (1970) tabulate their comparisons of 
D. metanogastev and D. simutans (their tables 2 to 4) as to whether they 
intended to imply equal mobility. Eisses et at. (1979) do not give the 
frequencies of alleles but only the relative mobilities between the 
species for the commonest variants. It is possible that they are not in 
fact comparing D. simutans to the normally commonest D. metanogastev 
variant.
The results for EstS and pgm are consistent with tests under several 
electrophoretic conditions which have indicated that D. simutans and 
D. metanogastev share the same common polymorphic electrophoretic variants 
(O’Brien and MacIntyre 1969, Kojima et at. 1970, Triantaphyllidis 1973, 
Eisses et at. 1979, Triantaphyllidis et at. 1980, 1982, Cabrera et at. 
1982, Ohnishi et at. 1982). Data from seven previous reports are included 
in the following analyses for these two loci (Kojima et at. 1970, 
Triantaphyllidis 1973, Steiner et at. 1976, Albuquerque and Napp 1981, 
Triantaphyllidis et at. 1980, 1982, Cabrera et at. 1982). These add an
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extra 13 population scores for Est6 and 10 for Pgm, giving total numbers 
of 80 and 72 samples respectively (Table 6.2). Comparisons with 
D» melanogastev can be made using the data and analyses of Oakeshott et 
al. (1982b).
Three electrophoretic variants at each locus are found at overall 
mean frequencies above 1% (Table 6.3). Each of the Pgm variants has a 
remarkably similar mean frequency to its value in D. melanogastev, Pgm-100 
clearly being the most common allele in both species. Both Est6-100 and 
EstS-110 are common in the two species, although their relative 
frequencies differ; Est6-100 is more common in D. melanogastev and Est6- 
110 more common in D . simulans, The frequency of Est6-125 is consistently 
low in both species.
Only the analyses of variation for the Est6-100 and Pgm-100 alleles 
are presented here. The analysis of the other common allele, Est6-110, 
shows that its latitudinal association is complementary to that of Est6- 
100 (i.e. similar in magnitude and opposite in sign). The frequencies of 
the three rare alleles {Est6-125, Pgm-120 and Pgm-070) are two low for 
meaningful analysis.
In figure 6.1 the patterns of latitudinal variation of Est6-100 and 
Pgm-100 frequencies in £>. simulans and D, melanogastev are compared 
graphically. In each species and in all regions there is a clear 
relationship between Est6-100 and latitude. The patterns in the northern 
and southern hemispheres are mirror-images of each other, and in all three 
regions the direction of allele frequency change with latitude is the same 
in the two species. On average, Est6-100 frequency increases by 
approximately 14% for every 10° increase in latitude from the equator. 
Pgm-100 frequency is uniformly high (>85% in most cases, and never <50%) 
and is not obviously associated with latitude in any region in either
species.
TABLE 6.2
Numbers of populations of D. simulans from different continents assayed for 
Est6 and Pgm by the present author and numbers for which data were collated 
from previous reports (see text for details of the latter, section 6.5.2.2).
Est6 Pgm
Present Previous Total Present Previous Total
Australia 47 - 47 42 - 42
N. America 18 2 20 18 2 20
Europe 1 9 10 1 8 9
Af rica 1 - 1 1 - 1
S. America 2 - 2 - - -
TOTAL 69 11 80 62 10 72
TABLE 6.3
Mean frequencies of Est6 and Pgm variants in D. simulans and D. melanogastev. 
Populations scored for D. eimulans include all those listed in table 6.2 (80 
for Est6 and 72 for Pgm)» The mean and standard error of the number of genes 
scored per collection were 123 ± 12 in Australia, 82 ± 16 in North America and 
317 ± 64 in Europe for Est6, and 139 ± 14, 66 ± 7 and 311 ± 62 respectively 
for Pgm. Data for D. melanogastev are from Oakeshott et al. (1981).
Allele Mean Frequencies (% ± standard error)
D. simulans D. melanogastev
Est6
123no
100
1 ± 1 
67 ± 2 
32 ± 2
2 ± 2 
36 ± 2 
62 ± 2
Pgm
120
100
70
1 ± 1 3 ± 1
93 ± 1 89 ± 1
6 ± 1 8 ± 1
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Table 6.4 gives the partial correlations and standardised multiple 
regression coefficients of angular transforms of Est6-100 and Pgm-100 
frequencies on unsigned values of latitude. Both the correlations and 
regressions show that Est6-100 frequency is significantly associated with 
distance from the equator in both species and all three zones. On average 
latitude accounts for about 25% of the variance among samples in Est6-100 
frequency. The only latitudinal association for Pgm-100 frequency that is 
significant as both a correlation and regression is for D. simulans in 
Europe. However, only eight European D. simulans samples were scored for 
Pgm> and this association is more apparent than real, as it simply results 
from a low Pgm-100 frequency in a single, most southerly population. For 
both loci the limited data for South America and Africa are consistent 
with the patterns apparent in other regions.
6.5.2.3 Discussion
The present study indicates that Adh, Gpdh and Idh are essentially 
monomorphic in D. simulans. This agrees with most but not all previous 
studies. For all three loci it is still possible that variants do exist 
at polymorphic frequencies in some populations. For example, Steiner et 
al. (1976) found Adh and Gpdh to be polymorphic in some Hawaiian 
populations. No Hawaian populations were assayed here so it is possible 
that alleles exist which are to these islands.
It is noteworthy that Kojima et al. (1970), who found all three loci 
to be polymorphic, also reported a larger number of alleles at some other 
loci than have been reported by other authors. Since their techniques do 
not appear unusual in any way, it is possible that for some reason they 
are recording more variants than are actually present. Contamination by 
D . melanogaster is one possibility since for Adh, Idh and Odh this group 
found at least three alleles for D. simulans, and in each case two of them
TABLE 6.4
Partial correlations controlling for longitude (r) and standardised regression 
coefficients (b) of angularly transformed Est6 and Pgm allele frequencies 
against latitude for D, simulane and D. melanogastev» D. melanogastev 
analyses are from Oakeshott et al. (1981).
D. simulane D. melanogastev
r b r b
Est6-100
Europe 0.66 0.68* 0.53*** 0.48*
North America 0.60** 0.60** 0.31* 0.48**
Northern Hemisphere 0.64*** 0.71*** 0.40*** 0.43**
Australasia 4* +  +0.55 0.55*** 0.28* _______■k0.28
TOTAL -k -kk0.51 0.50*** 0.53 +  4* +0.57
Pgm-100
Europe „ _0.80 0.59* 0.35 -0.19
North America -0.18 -0.23 0.27 0.46
Northern Hemisphere -0.02 0.00 0.18 0.20
Australasia 0.27 0.25 -0.15 ~  ^ *  -0.25
TOTAL 0.01 0.02 -0.02 -0.02
*** pCO.001, ** pCO.Ol, * p<0.05
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appear to correspond to the mobilities of those of D. melanogastev. Adht 
Gpdh and Idh also often have secondary isozyme bands which may be 
interpreted as heterozygotes (Dickinson and Sullivan 1975). There are no 
reported genetic studies which show that the rare variants found are of 
genetic origin.
Regarding the interpretation of the geographical patterns for the two 
polymorphic genes in D» simulans, Est6 and Pgm, clinal patterns of 
variation in a single region can be produced without natural selection 
(Endler 1977). However, the recurrence of the same large-scale 
latitudinal association for Est6 in three zoogeographical zones and two 
species is difficult to explain as solely the result of random 
processes. The consistent geographical homogeneity of Pgm allele 
frequencies is also not easily explained by non-selective processes; while 
migration can lead to the convergence of allele frequencies in different 
populations within a species, this is obviously not possible across 
species barriers. Thus, although there is a contrast between the 
geographical patterns of Est6 and Pgm allele frequencies, both patterns 
probably reflect the action of natural selection.
However, the modes of selection affecting the two loci are likely to 
be different, and differently influenced by the environment. This may be 
because Est6 has externally derived substrates (Zera et dl» 1983) which 
may vary with latitude, while Pgm is involved in central metabolism 
(Dickinson and Sullivan 1975) with substrates more likely to be consistent 
across latitudes. It is interesting in this respect that geographical 
surveys in several other diverse species have reported dines, some of 
them latitudinal, for esterases (Koehn 1969, Christiansen and Frydenberg 
1974, Yang et dl» 1977, Nevo and Bar 1976, Nevo et dl» 1981) but relative 
geographical homogeneity for phosphoglucomutases (Nevo and Bar 1976, 
Pinsker and Sperlich 1979, Nevo et dl» 1981, Piazza et dl» 1981).
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For both Est6 and Pgm some amino acid replacements are not detected 
by electrophoresis (Trippa et at, 1978, Cochrane and Richmond 1979, 
Albuquerque and Napp 1981) and each electrophoretic variant is likely to 
be a set of alleles. Using the more powerful technique of sequential gel 
electrophoresis, Albuquerque and Napp (1981) reported that a large array 
of Est6 alleles, which were cryptic under standard electrophoretic 
conditions, were present in two South American D . simulans populations. 
However they found that each mobility class detected by standard 
electrophoresis has one "cryptic" variant which is by far the most 
common. In D . melanogaster a number of thermostability variants have been 
found within Est6 mobility classes and these vary in frequency in four 
North American populations (Cochrane and Richmond 1979). At least some of 
these variants can be also distinguished by sequential electrophoresis 
(P.H. Cooke pers. comm.). For Pgm Trippa et at, (1978) found a number of 
cryptic thermostability variants at low frequencies in five Italian 
populations of D . melanogastev.
There are thus few data on the frequencies of cryptic alleles in 
natural populations and it is possible that within each electrophoretic 
class relative frequencies of such cryptic alleles could themselves vary 
geographically, either randomly or because of selection due to functional 
differences which might exist between them. Cryptic variation may also 
exist between the two species. Thus, it is possible that more complex 
patterns underlie the geographical variation for the two loci. However 
these would, if anything, tend to obscure any recurrence of systematic 
regional patterns across species.
It is possible that the similar geographical patterns across the two 
species for Est6 and pgm are the result of selection acting on genes 
closely linked to the enzyme loci rather than on the loci themselves. If 
this is so, the identity of such genes and their disequilibrium with the
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loci studied would presumably have to be similar in each species. Similar 
disequilibrium could be established in both species if it ante-dated 
speciation. Now the decay of disequilibrium is given by the equation,
R = Rq (1 - r) s ,
where R = gametic disequilibrium in the present populations, Rq = gametic 
disequilibrium at speciation, r = recombination frequency and g = number 
of generations since speciation (Nei 1975). If we let Rq =. 1 (for 
complete disequilibrium) and g = 10^ (estimated by Leigh Brown and Ish- 
Horowicz (1981) from electrophoretic data), then for:
r = 10-4, R = 0.00005, 
r = 10“5, R = 0.37 
r = 10-6, R = 0.90
Thus for extant populations to retain significant disequilibrium the 
recombination frequency would have to be 10  ^ or less. Using the estimate 
of lcM = 580kb (Chovnick et al. 1977 , Spradling and Rubin 1981), this 
represents a length of DNA less than six bases (although this is very 
approximate and likely to depend on the position on the chromosome of the 
regions in question). An intergenic region of this length is much smaller 
than the genes themselves.
Although the above equation is for a theoretically infinite 
population (Nei 1975), it is not unreasonable to apply here, since we are 
considering a large number of populations of both species from around the
world. Further, the extreme case of Rq = 1 is being used and the estimate
£
of g = 10° is probably far too low. Recent calculations from molecular 
data (Bodmer and Ashburner 1984, Easteal and Oakeshott 1985) suggest a
Q
value of the order of about 10 .
Thus, it is very unlikely that such disequilibrium would remain 
unless it is being maintained by epistatic selection. The loci studied 
could participate directly in any such epistatic selection or be embedded
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among other epistatically selected genes (Franklin and Lewontin 1970). 
Except for the latter case then, the geographical patterns described here 
are most likely to be due to selection involving Esto and Pgm.
6.5.2.4 Comparisons of Allozyme Polymorphism Between the Species
Of the six polymorphic loci for which consistent latitudinal dines 
have been found in D. melanogaster (Oakeshott et al. 1984) five of them 
appear to be effectively monomorphic in D. simulans» The remaining locus, 
Est6, is polymorphic for the same electrophoretic variants and shows 
similar repeatable latitudinal dines in the two species. Of the two 
polymorphic loci for which consistent latitudinal homogeneity has been 
reported in D» melanogaster (Oakeshott et at. 1984), one, Ida, is 
monomorphic in D» simulans» The other, Pgm, has the same polymorphic 
mobility variants at very similar mean frequencies in both species, with 
D. simulans also showing consistent latitudinal homogeneity. Of the 
eleven enzymes (.4Idox, Aid, Fum, Gotl , Hex3, Hbdh, Mdh, Me, Sodh, Tre,
Xdh) found to be monomorphic across regions for D» melanogaster by 
Oakeshott et al. (1984), seven have been found monomorphic in D» simulans, 
two are polymorphic (for one of which, aldolase, the commonest allele has 
a mean frequency of over 0.97) and the other two have not been sampled.
Of the remaining 49 loci (including Tpi and Aeph) that have been 
assayed in natural populations of both species by various authors, 19 are 
monomorphic in both species, 15 are polymorphic in both, 12 are 
polymorphic in D. melanogaster only and 3 are polymorphic in D. simulans 
only. Thus, from the work carried out to date, overall D. melanogaster 
appears to have both a higher level of polymorphism and also a higher 
degree of geographical variation in allozyme frequencies.
Of the above 35 polymorphic loci studied in D» melanogaster about 
seven, (Aph3, Esto, Pep3 Pgm, Pt2, Pt7 and Tyr), or 20% are possibly also
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polymorphic in D. simulans for the same common mobility variants (Cabrera 
et al. 1982). There is no reason to believe that the ten enzymes studied 
by Oakeshott et al. (1984) are not a random sample of the&e polymorphic 
allozyme loci in D. melanogastev. Thus the expectation is that 20% (i.e. 
about two) of these will have the same mobility polymorphism in 
D. simulans. In fact Est6 and Pgm are the only two.
Oakeshott et al. (1984) argue that the presence of consistent 
latitudinal dines in three continents for D. melanogastev suggests that 
selection is operating on the six enzyme loci for which this pattern 
occurs. The fact that the only one of these which is also polymorphic in 
D. simulans shows the same patterns in this species strengthens this 
argument. Similarly the consistency of the pattern of latitudinal 
homogeneity in the two species for Pgm, the other locus sampled by 
Oakeshott et al. (1984) which has the same mobility variants in the two 
species, implies that this pattern is also maintained by selection.
What then can be said about the monomorphism in D. simulans for the 
other six systems which are polymorphic and show regular geographical 
patterns in D. melanogastev? Either the observed mobility variation for 
Adh, Gpdh, G6pdy Odhf Pgd and Idh evolved in D. melanogastev after 
speciation, or else variation existed before speciation (as is likely for 
Est6 and Pgm) but was subsequently lost in D. simulans• Either of these 
possibilities could occur if the species differed in one or more of the 
population parameters which affect levels of genetic variation. For 
example, the same level of variation may not have evolved in Ö. simulans 
because it has a lower mutation rate, or D. simulans may have lost 
variation due to a normally lower population size or a past population 
bottleneck. Alternatively, if the species followed different adaptive 
pathways, selection itself could determine the level and type of variation 
(including that cryptic to standard electrophoresis) which became 
established and/or is maintained.
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6.6 CONCLUSIONS
A survey of the various categories of genetic variation suggests that 
D. melanogaster generally shows greater intrapopulation variation than 
D. simulans. The lack of chromosome inversions and the much smaller 
number of transposable elements in D. simians are especially striking.
The differences in variation between the species for allozy.me polymorphism 
and quantitative traits are not as great but still tend in the same 
direction. The overall difference between the species could be due to 
intrinsic factors such as population size and mutation rate and/or a 
dissimilarity in levels of variation maintained by selection.
However, a greater difference between the species is found in the 
degree of interpopulation geographic variation. For D. melanogaster 
associations with latitude repeatable on up to three continents have been 
found for a number of genetic variants. These include body weight and 
size, ovariole number, other morphological traits, ethanol tolerance, and 
the frequencies of chromosome inversions, alleles at six allozyme loci and 
possibly lethal and semi-lethal genes. In contrast, such latitudinal 
dines have been found in D. simulans for only one of the six allozymes, 
ovariole number and body weight; and for the latter the cline is 
apparently weaker than for D, melanogaster».
The repetition of the dines in D. melanogaster on a number of 
continents strongly suggests that they are maintained by selection. 
However, no satisfactory explanations have been advanced to account for 
this, either in general, or for individual variants. It is possible that 
the large number of dines in this species are a result of some type of 
correlated genetic response to a latitudinally varying environment. This 
could involve a number of complex interactions such as pleitropy, linkage 
disequilibrium and epistasis.
If such a speculative- hypothesis has some foundation, it would mean 
that the sibling species differ markedly in their population genetics,
D, melanogaster being generally "clinal” and D» simulans being more 
geographically uniform, and thus exhibiting less variation overall. Such 
a different adaptive strategy of D. simulans may be the result of its 
lower level of intrapopulation variation, which in turn may be caused by 
as yet unmeasured population parameters, such as suggested above. 
Alternatively, the lower level of variation could be the result of its 
adaptive strategy. This is discussed further in Chapter Seven in the 
light of the ecological results from previous chapters and elsewhere.
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CHAPTER SEVEN 
GENERAL DISCUSSION
Drosophila m&lanogaster and D. simulans are sibling species which 
have similar cosmopolitan distributions and are generally found together 
in the same habitats. This thesis has investigated their comparative 
ecology and population genetics in order to examine the relationship 
between these aspects of biology within each species.
To date extensive investigation has been carried out on three 
environmental variables thought to be important in the comparative ecology 
of the two species; light, temperature and environmental ethanol. In each 
case, but particularly in the latter two, the experimental evidence 
concerning the effects of these variables on the two species is often 
inconclusive and sometimes contradictory.
7.1 COMPARATIVE DISTRIBUTIONS AND REACTIONS TO TEMPERATURE
In Australia the frequency of D. simulans relative to D. melanogast&r 
tends to increase with increasing latitude. This latitudinal pattern is 
consistent with the seasonal patterns found at two sites, Canberra and 
Newcastle, where the relative frequency of D. raelanogaster (but not that 
of D . simulans) is significantly and positively correlated with 
temperature. These results suggest that D. simulans is more cold-tolerant 
than D. melanogastsr. This conclusion is also supported by the results of 
laboratory experiments with two Australian populations. These experiments 
show that D. simulans is more successful in terms of development time and 
emergence numbers at 15°C and 20°C while D. melanogaster is more 
successful at 25°C and 29°C.
However, the geographical pattern of relative abundance of the two 
species in Australia contrasts with those found on other continents.
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Analysis of recent collection data from North America demonstrates a 
latitudinal gradient of relative abundance, which is still similar to that 
found by Patterson (1943) and clearly opposite to the direction in 
Australia. In North America then, the geographical patterns of the two 
species suggest that D. melanogastev is more cold-tolerant. Despite some 
anomalies, the seasonal patterns on this continent also support this 
conclusion. On other continents clear geographical patterns are not yet 
evident. Seasonal patterns are often superficially similar across 
continents, but on closer examination appear to have underlying 
differences. Indeed, David et at. (1984) have shown that seasonal 
patterns of the two species from one continent are more similar than those 
of the same species from different continents.
Despite continental differences in latitudinal and seasonal patterns 
of relative abundance, the experimental results reported here from 
Australian populations are consistent with three studies of competition at 
different temperatures previously carried out (Moore 1952a, Tantawy and 
Soliman 1967, Montchamp-Moreau 1983), even though these used flies from 
different continents (North America, Africa and Europe respectively). 
Experiments measuring components of fitness and behavioural responses at 
different temperatures in single-species cultures also generally show a 
preference of D. melanogastev for higher temperatures than £>. simulanst 
also regardless of the origins of the test populations. (D . melanogastev 
has a higher survival under both high and low temperature shock, but the 
significance of such tests to natural populations is not clear).
There is then an apparent paradox in that laboratory experiments on 
the effects of temperature give the same general results, regardless of 
the continental origin of the populations used, whereas different 
continents clearly show different patterns of relative species 
abundance. This could be because results of previous experiments (with
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flies from continents other than Australia) do not relate directly to 
natural populations for the reasons outlined in section 4.1.1. One 
important fault in this previous work was that populations of the two 
species were not derived from flies collected at the same time and 
place. A second serious problem in the earlier work was that stocks often 
had lower levels of genetic variability than would be found in natural 
populations, whether this was because they were founded from a small 
number of flies, they had been kept in the laboratory for many years or 
they were inbred, visible-mutant stocks.
The previous single-species studies and competition experiments 
discussed above disagree considerably on the components of fitness which 
underlie the differences in temperature tolerances between the species.
The results of Chapter Four suggest that both the development time and the 
number of flies emerging of one species can be greatly affected by the 
presence of the other species. However, it was found that the nature of 
this effect varies between the populations tested. For example, at 22°C 
the mean development times of both species in mixed cultures are greater 
than those in single-species cultures for the Cleveland populations, but 
the reverse is true for the Ipswich populations. Such a result has not 
been recorded before, probably because previous experiments have not 
compared outbred populations of the two species established from the same 
field collection. If different results are obtained from experimental 
populations captured only 50 kilometres apart, then it is not surprising 
that results from populations from around the world vary considerably in 
terms of the relative temperature tolerances of the two species for 
different fitness components.
The different competitive interactions between species evident in the 
experimental populations from Ipswich and Cleveland are also consistent 
with the considerable site to site variation in species ratios
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inexplicable by latitude. Thus, if the reaction to temperature of 
populations of one or both species does vary, then at least some of this 
variation would appear not to have a systematic geographical pattern.
There may also be random factors or other environmental factors 
indiscernible to the observer which are causing local effects.
7.2 ETHANOL TOLERANCE
Previous authors have attributed two differences in the 
microenvironmental distribution of the sibling species to their relative 
tolerances to ethanol. The first is the higher relative frequency of 
D. metanogas ter* to D , simutans on fermenting fruits with high ethanol 
content as compared to those with a lower ethanol level (Oakeshott et at, 
1982a). The second is the well known abundance of D, metanogastev, 
compared to the almost complete absence of D, simutans, in wineries (e.g. 
McKenzie 1974, Monclus and Prevosti 1979, Marks et at, 1980).
The experiment described in the second part of Chapter Four of this 
thesis compares the ethanol tolerances of D, metanogastev and D, simutans, 
and also of a third cosmopolitan species, D. hydei, the frequency of which 
is not significantly correlated with fruit ethanol content (Oakeshott et 
at, 1982a) although it has been found in wineries. In particular, this 
experiment examines the interactions between the effects of various 
ethanol concentrations with those of various temperatures tested in the 
previous temperature experiments in the same chapter.
Previous experiments (e.g. McKenzie and Parsons 1972) have shown that 
adult D . metanogastev survive more often on media containing ethanol than 
do adult D. simutans. This result was confirmed here for two Australian 
populations of each species on 2.5% and 5% ethanol. These ethanol levels 
are at the upper end of the range which would be normally encountered in 
both wineries and other environments (Gibson et at, 1981, Oakeshott et at.
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1982a). The mortality of D. melanogaster is negligible on both 
concentrations. The mortality of D» simulans is significantly greater, 
although it varies with population, ethanol level and temperature.
More importantly, for only one of the two populations (Canberra) is 
there a general decrease in the relative numbers of D. simulans to 
D . melanogaster emerging as adults after being reared on 2.5% or 5%, as 
compared to 0% ethanol food. Even for this population the difference 
between the species is not of the same magnitude as is found in the adult 
survival tests of other authors, particularly on high ethanol levels 
(usually up to 9%). D» simulans generally has a lower development time 
than D. melanogaster* but this is especially so on 5%. Thus, the use of 
other measures besides adult survival does not reveal nearly as large a 
difference between the species in their tolerance to the levels of ethanol 
that would normally be encountered by natural populations.
As with the first series of experiments there are again complex 
interactions, in this case among population, temperature and ethanol 
concentration. In some cases D. simulans indeed appears to be the better 
adapted to extreme conditions of temperature and ethanol. For example, 
comparing the Canberra populations, £>. simulans has higher mean emergence 
and a lower mean development time than D. melanogaster on 5% ethanol at 
29°C. Further, although D. hydei shows lower adult mortality than 
D. simulans on 2.5% and 5% ethanol, its emergence numbers on these levels 
are more drastically reduced relative to those on 0%.
The results for emergences and development times contribute to an 
explanation for the micro-distributions of the three species found by 
Oakeshott et al. (1982a), whereas simple adult tolerance tests do not 
predict well their findings. The results of Oakeshott et al. (1982a) 
suggest that D. simulans, although not showing as great a preference as 
D. melanogaster for higher ethanol fruits, apparently has sufficient
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overall ethanol tolerance not to need to avoid them. This might be 
expected, as experiments, like those in Chapter Four, which examine more 
of the life stages should have more ecological relevance than those simply 
testing adult survival. The findings of Chapter Four are also consistent 
with some other results indicating that larval and adult survival rates on 
ethanol food do not correlate well between the species (Dickinson et al. 
1984), and that there is no clear-cut difference between D. melanoqastev 
and D» simulans in oviposition choice and larval preference for media with 
added ethanol versus media without ethanol. The ecological and laboratory 
evidence together suggests that the preference of D, melanogaster* for 
higher ethanol fruits is a result of its superior ethanol utilisation 
ability rather than tolerance ger* ss.
The experiments here also suggest that its relatively lower ethanol 
tolerance is not the sole reason for the absence of D . simulans from 
wineries. One population of D» hydei used was originally obtained from a 
winery where it was found in large numbers. Despite having a higher adult 
survival on ethanol, this species has a lower overall ethanol tolerance in 
the laboratory (section 4.2) and a greater aversion to ethanol in other 
environments (Oakeshott et al. 1982a). It would appear unlikely then that 
the absence of D. simulans from wineries is due to an intolerance of 
ethanol in the first instance, when £>. hydei is present. Further, the 
levels of ethanol found in wineries are generally equivalent to those 
found in many fruits. A more probable explanation concerns the 
photopreference and the consequent general avoidance of buildings shown by 
D . simulans (Kawanishi and Watanabe 1978, Fuyama and Watada 1981, see 
Appendix 1).
In contrast to the situation for temperature tolerance, geographical 
variation of ethanol tolerance and ADH activity among natural populations 
of the two species has been systematically examined in this and previous
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studies. The patterns are similar on three continents. D» simulans 
consistently has a relatively low tolerance and ADH activity while 
populations of D, melanogaster always have higher tolerance and ADH 
activity, with the extent of both its tolerance and activity being 
positively associated with latitude. However, to date, there is no 
evidence that the ethanol tolerance dines in the latter species are 
associated with latitudinal variation in food ethanol levels.
Furthermore, in Australian populations of D. melanogaster* the latitudinal 
associations of ethanol tolerance and ADH activity are independent, the
T?latter being due to the cline in Adh frequency. There is thus no direct 
evidence at present to indicate that the tolerance or activity dines in 
D. melanogaster represent direct adaptive responses to variation in 
environmental ethanol levels.
For D. simulansy tests of adult survival on ethanol food indicate 
that there is genetic variation within populations for ethanol 
tolerance. This is consistent with the existence of microenvironmental 
variation in ethanol levels. However, as has been seen, patterns of 
variation for other components of fitness may be different from, and also 
more important than adult survival.
7.3 GENETIC VARIATION
In general, D. melanogaster shows a greater degree of genetic 
variation than D. simulans both within and between populations. However 
the reasons for the greater variability of D. melanogaster remain 
unknown. Possibly it reflects historic or inherent factor(s) such as 
higher mutation rates or higher population sizes. It is known that P- 
elements can cause mutations (Engels 1983); thus a higher frequency of 
transposable elements may lead to a greater mutation rate.
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Another possibility is that the respective levels of variation in the 
two species reflect the effects of selection due to different modes of 
adaptation. This might imply that the selective importance of 
physiological and behavioural plasticity over genetic variation is greater 
for D. simulans than D.metanogas ter. This possibility requires further 
testing experimentally. However with regard to high temperature shock, 
the reverse appears to be the case (Levins 1969); D. melanogaster shows 
greater physiological/ behavioural plasticity than D. simulans.
There is a further level of variation that must be considered. For 
D. melanogaster there are large mean differences among continents, not 
explained by latitudinal differences, in chromosome inversion and enzyme 
allele frequencies, mean allozyme heterozygosities (Knibb 1982b, Oakeshott 
et at. 1984) and weight and ovariole number (David et. at. 1976). There 
also appear to be continental differences in the frequencies and molecular 
characteristics of transposable P-elements (Anoxolabehere et al. 1984), 
and possibly also in the frequencies of lethal and semi-lethal genes (Ives 
1945, Ochando 1978). There are few such comparative data for D. simulans, 
although Ohnishi and Kawanishi (1981) found the mean tooth number of 
sexcombs varies across continents.
There is then the possibility that one or both species are becoming 
differentiated among continents and perhaps even evolving distinct 
races. It is interesting in this respect that a Kenyan population of 
D. simulans was recently found to show significant premating isolation 
from strains of this species from North America (G.K. Chambers pers. 
comm.). David et al. (1976) concluded that D. melanogaster from eastern 
Asia constitute a distinct Far East race, which differs from European 
D. melanogaster in growth rate, weight, ovariole number and level of 
variability among strains. Although Henderson and Lambert (1982) found 
there to be no premating isolation among populations of D. melanogaster
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from around the world, they suggested that this is the result of 
stabilising selection acting on the reproductive communication system 
rather than the result of a lack of genetic differentiation.
A problem that again arises here is that the history of spread of 
both species throughout the world is so poorly known. The distribution of 
the two species in Africa is interesting in this regard, D. metanogaster 
being prevalent in the west and centre of the continent and. D. simutans 
being prevalent in the east and north. Presuming that the two taxa 
speciated in Africa, this suggests that speciation probably took place in 
the classic allopatric mode (Mayr 1963). It is then quite likely that the 
two species had different histories of range expansion, whether or not 
facilitated by human activity. The comparative population genetics of the 
two species on a particular continent would depend on the timing, location 
and number of introductions of each, and on the genetic variation of each 
introduced population.
Thus, in making comparisons between D. simutans and D. metanogaster 
three distinct levels of variation have to be considered.
First, at the species level, there appear to be significant 
differences in their genetic patterns of adaptation. There are some 
overall physiological differences with regard to temperature tolerance, 
ethanol tolerance and reaction to light. The species probably also differ 
in other factors which remain to be fully investigated, such as yeast 
utilisation (e.g. El-Helw et at. 1972, Bos et at. 1976, 1983, see also 
section 3.1.6). Apart from such mean differences between the species,
D, metanogaster also varies latitudinally on all continents for a large 
number of genetic variants, whereas D. simutans is generally more 
uniform. However, it remains to be demonstrated that the greater 
interpopulation variation of D. metanogaster is associated with its 
inhabiting a greater range of environments.
Second, certainly for D. melanogastev, and possibly for D . simulans, 
there is considerable genetic differentiation between continents. Each 
continent also has a different pattern of relative species abundances. It 
is probable that these continental differences in genetics and ecology, 
which may themselves be related, are at least partly due to the history of 
the spread of each species.
Third, there is considerable local heterogeneity in species 
abundances and genetics. This, together with the intercontinental 
differentiation, makes it difficult to generalise about the comparative 
ecology and genetics of the species from studies of any but a large 
representative sample of populations. This is almost certainly the reason 
for many of the contradictions among previous reports.
7.4 SUGGESTIONS FOR FURTHER WORK
There are a number of different directions that could be taken with 
further work. More laboratory studies with populations from around the 
world are needed to follow up the effects of temperature and ethanol on 
competition between the species. These should use populations of the 
species collected from the same locality at the same time, as was done 
here and also by Tantawy and Mallah (1961). Until more studies 
incorporating this essential aspect of design are carried out, it will be 
difficult to generalise about the effects of environmental variables, 
particularly temperature. There is specifically a need for further work 
utilising these principles on North American populations, with the aim of 
explaining the contrast in the geographical and seasonal patterns of 
relative species abundance in North America and Australia. Other 
variables such as light and yeast can be examined in the same way. For 
each variable it would also be valuable to examine the physiological 
plasticity of each species as Levins (1969) did with temperature, by
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acclimating populations to one condition and testing their fitnesses under 
other conditions.
To complement this laboratory approach further work is needed on the 
ecology of natural populations around the world. Studies such as those of 
Oakeshott et al. (1982a) and Atkinson and Shorrocks (1977) examining the 
frequencies of Drosophila species in different microenviroments (in these 
cases in different fruits) are very useful, particularly if. each 
microenvironment can be characterised for one or more parameters. As yet, 
the conditions that flies and larvae experience in the field have rarely 
been directly measured. Oakeshott et at, (1982a) measured the ethanol 
levels in various fruits, and this approach could be extended to quantify 
such variables as temperature, humidity, light intensity and yeast flora 
of different microhabitats, such as is being done for North American 
cactophilic Drosophila (e.g. Heed et al. 1976, Starmer et al. 1976).
Genetic variation in D. simulans has not been investigated as 
thoroughly as in D. melanogaster* There is a strong suggestion that 
D. simulans has less genetic variation both within and between 
populations, but this needs to be confirmed. In particular, many of the 
morphological traits with latitudinal associations in D. melanogaster 
remain unexamined in D* simulans, as does the geographic variation of a 
number of allozyme loci which are known to be polymorphic in one or both 
species. Sequential electrophoresis (see Albuquerque and Napp 1981) could 
be used to examine geographical patterns of variants presently cryptic to 
standard electrophoresis.
Kreitman (1983) pioneered the use of molecular techniques for the 
measurement of effective population size in D. melanogaster, by 
calculating N0 from the variation found in the DNA sequences of 11 Adh 
genes. However, one admitted problem with this work is that the genes 
were derived from different local populations from around the world.
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There is an urgent need for repeating such work with different genes in 
D* melanogaster, possibly derived from the one population, and it would be 
highly informative to have comparative data for D. simulans. Comparisons 
of the DNA sequences of single copy genes could also provide valuable 
information on the histories of colonisation of the two species on 
different continents.
The melanogaster species sub-group is rapidly becoming, a model system 
for demonstrating the utility of joint approaches to the study of 
evolutionary processes using the methods of molecular genetics, population 
genetics and ecology. As such, it is important that the ecological 
genetics of these species, particularly the two cosmopolitans are fully 
investigated. The two cosmopolitan sibling species constitute a valuable 
and possibly unique system for studying many of the important problems in 
evolutionary biology.
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APPENDIX I
PHOTOTAXIS IN D. SIMULANS and D. MELANOGASTER
D i f f e r e n c e s  i n  t h e  p h o t o t a x i s  f o r  t h e  s i b l i n g  s p e c i e s  have been 
d e m o n s t r a t e d  i n  a number of ways f o r  a d u l t  movement, mat ing  b e h a v i o u r ,  
o v i p o s i t i o n  and p u p a t i o n .  Three t y p e s  of e x p e r i m e n t  on the  a d u l t  r e s p o n s e  
to  l i g h t  have been c a r r i e d  ou t  as  f o l l o w s :
(1 )  l i g h t  g r a d i e n t  e x p e r i m e n t :  f l i e s  a r e  i n t r o d u c e d  to  the  da rk
end of a s e r i e s  of boxes of i n c r e a s i n g  l i g h t  i n t e n s i t y  and a f t e r  a c e r t a i n  
t ime p e r i o d  t h e  number i n  each  compartment  i s  s c o r e d  ( P a r s o n s  1975b, 
Kawan ish i  and Watanabe 1978) .
(2 )  d i s p e r s a l  e x p e r i m e n t :  t h e  r a t e  a t  which f l i e s  move from one
v i a l  a lo n g  a tube  to  a second v i a l  i s  measured  i n  t h e  p r e s e n c e  and a b s e n c e  
of  a l i g h t  s o u r c e  s h i n i n g  on t h e  second  v i a l  (McDonald and P a r s o n s  1973) .
(3)  maze e x p e r i m e n t :  f l i e s  a r e  i n t r o d u c e d  i n t o  a p h o t o t a x i s  maze
so c o n s t r u c t e d  t h a t  they  must  make 15 l i g h t - d a r k  c h o ic e s  b e f o r e  emerg ing  
i n t o  one of 16 c o l l e c t i n g  t u b e s  (Markow 1979) .
D. s im u lan s  ha s  a s i g n i f i c a n t l y  h i g h e r  p h o t o p r e f e r e n c e  i n  a l l  t h e s e  
e x p e r i m e n t s .  In  t h e  f i r s t  type  of e x p e r i m e n t  bo th  s p e c i e s  have a s i m i l a r  
r e s p o n s e  curve  w i t h  t h e  most f l i e s  c l u s t e r e d  and a c t i v e  tow ards  the  
b r i g h t e s t  end ,  b u t  D. s im ulans  t h e  more s o .  This  r e s u l t  o c c u r s  i n  s i n g l e  
and mixed s p e c i e s  p o p u l a t i o n s  a l t h o u g h  th e  d i f f e r e n c e  be tween  t h e  s p e c i e s  
i s  h i g h e r  i n  t h e  fo rm er  (Kawanish i  and Watanabe 1978) and t h e r e  i s  
h e t e r o g e n e i t y  amongst  i s o f e m a l e  s t r a i n s  ( P a r s o n s  1975b) .
In  t h e  second  type of e x p e r i m e n t ,  a l t h o u g h  D. m e la n o g a s te r  
" d i s p e r s e s "  more i n  bo th  e n v i r o n m e n t s ,  t h e  i n c r e a s e  i n  d i s p e r s a l  r a t e  w i th  
the  l i g h t  i s  much g r e a t e r  f o r  D. s im u lan s .  The e f f e c t  of d i f f e r e n t  
s t r a i n s  on d i s p e r s a l  of D, m ela n o g a s tev  i s  s i g n i f i c a n t  in  bo th  
e n v i r o n m e n t s ,  but  f o r  D. s im u lan s  on ly  in  the  l i g h t  e n v i r o n m e n t .
155
Dm simulans has a much higher phototactic response than 
Dm metanogaster in the maze experiment but.the response of both species 
varies with temperature. At 20°C, D» simulans has a neutral response but 
becomes steadily more photopositive with increasing temperature.
D. metanogaster has a negative response below 35°C and is most 
photonegative at intermediate temperatures (22.5°C and 25°C). This could 
be relevant to the other types of experiment all of which were carried out 
at 25°C.
Light specific differences in oviposition behaviour have also been 
demonstrated between the sibling species. In mixed population cages 
Dm simulans lays relatively more eggs than Dm metanogaster in light sites 
than dark sites, and one or other species can be eliminated by continued 
selection of flies emerging from the appropriate site (Kawanishi and 
Watanabe 1978). This is consistent with the diurnal pattern of egg laying 
found in the two species under a 12/12 light/dark regime. Both species 
have a peak of egg laying just after the onset of the dark period, however 
this peak is much larger for D, metanogaster, whereas D . simulans lays 
twice as many eggs as the other species during the day (Allemand 1974). 
However, Allemand and David (1976) further found that the percentage of 
eggs laid in the photophase by Dm metanogaster is significantly and 
negatively correlated with latitude for 15 Northern Hemisphere 
populations. No comparative data are available foF27. simulans.
In both single and mixed cultures, where the choice is available, 
there is light dependence in pupation site preferences, D. metanogaster 
pupating significantly more in the dark and D. simulans in the light 
(Manning and Markow 1981). However, the phototactic behaviour of the two 
species changes throughout development. For D m  metanogaster, during the 
first and second instars larvae are slightly photopositive, then become 
photoneutral during the third instar and photonegative as prepupae.
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D. simulans is photopositive at all stages except the second and early 
third instars when it is photoneutral. However there appears to be no 
correlation between the individual photopreferences of adults and their 
light-dependent pupation site preferences (Manning and Markow 1981).
D. melanogaster mate freely in the dark whereas D . simulans are 
greatly inhibited (Spieth and Hsu 1950). That this is due to a greater 
need by D. simulans males for visual stimuli for successful mating, is 
shown by experiments with decapitated females. Such females lack some of 
the necessary stimuli and as a result D . simulans undergoes initial 
courting but there is no copulation or insemination; D. melanogaster still 
completes normal mating under such conditions (Grossfield 1970).
D. simulans is the only cosmopolitan species that shows much mating 
inhibition in darkness and it has been suggested that this is somehow due 
to selection resulting from its close relationship with D . melanogaster 
(Grossfield 1971). In other pairs of Drosophila sibling species tested, 
one member appears to have a greater inhibition of mating in darkness than 
the other. The above results agree with the finding that under a 12/12 
light/dark cycle the courtship activity of D. melanogaster peaks before 
the end of the dark phase, while that of D. simulans is confined almost 
entirely to the light phase, peaking at its beginning and end (Hardeland 
1972).
Allemand (1982) found that the rate of fertilisation of females by 
male D. simulans kept in darkness was 100%, as measured by the proportion 
of eggs hatching. For at least two strains out of three the maximal 
laying rate did occur significantly later under darkness, probably due to 
delayed mating. This delay was only about 1.5 days, whereas Spieth and 
Hsu (1950) found that only about 6% of females had been fertilised after 7 
days. This discrepancy in results could be due to the different strains 
used. Spieth and Hsu (1950) used two strains of unstated history, one of
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which showed an abnormally low frequency of fertilisation in the light 
even though it maintained well in the laboratory. Allemand (1982) used 
flies from recently collected mass populations.
Despite the differences in phototaxis between the species, Allemand 
(1982) also found that populations of D, simulans reared in continuous 
light, continuous dark and alternating conditions do not differ 
significantly in any fitness parameter measured, other than the egg laying 
curve discussed above. Other parameters include development time, egg 
viability, larval viability, total fecundity, number of progeny and egg 
hatchability. Results for D . melanogaster are similar, however some 
strains do show significant differences between treatments for one or more 
of the last three parameters, and Allemand concludes that in fact 
Z7. simulans is less sensitive to light conditions and shows a higher 
tolerance of darkness. This suggests that with the exception of mating 
behaviour, the stronger phototactic responses of D» simulans are 
behavioral preferences rather than being due to physiological necessity.
Despite this, the photopreferences of the two species do appear to be 
important in natural populations. The absence of D. simulans and the 
presence of D. melanogaster in houses and other buildings have often been 
noted (Kawanishi and Watanabe 1978). Fuyama and Watada (1981) carried out 
a more precise experiment in the Bonin Islands of Japan. Trapping inside 
a building they caught over 80% D, melanogaster whereas in traps outside 
only a few metres away, the relative abundances of the two species were 
reversed. Over six sites the number of D. simulans caught correlates 
roughly with the light intensity while D» melanogaster sharply decreases 
in number with increasing distance from the building. This result for 
D. melanogaster was also found in a similar experiment in tropical Africa 
(David 1979), however in this case no D. simulans were caught at all.
This striking behavioural difference between the two species could be an
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important reason for D» simulans being rarely found in wineries where 
D. melanogastev is so abundant (e.g. McKenzie 1974, David and Bocquet 
1976, Anderson 1979, Monclus and Prevosti 1979, Marks et al. 1-980, Parsons 
1980, Gibson et al. 1981).
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APPENDIX II
NORTH AMERICAN COLLECTION DATA
The following data were sent by Dr. F.M. Cohan, Department of Genetics, 
University of California, Davis, California 95616, and Dr. J.A. Coyne, 
Department of Zoology, University of Maryland, College Park, Maryland 20742.
61 collections of D. melanogaster and D. simulans were made from 31 localities 
in the following states of the U.S.A. and Canada: British Columbia (B.C.,
Canada), Washington (Wa), Oregon (Or), California (Ca), Arizona (Ar) and 
Maryland (Md). The table gives area of collection as defined in section 3.3, 
locality, latitude (lat), longitude (long), date of collection, the numbers of 
males (m) and females (f) of D. melanogaster (mel) and D. simulans (sim) 
collected and the species ratio (£>. simulans! (D. melanogaster + D. simulans)
* 100%, rat). These data are analysed and discussed in section 3.3 and tables 
3.18 and 3.19. Note that dashes under males or females of either species 
indicate that flies of that sex were caught but not scored, whereas zeros 
indicate that no flies of that sex were caught. Species ratio is calculated 
from flies of one or other sex, or from both sexes as appropriate.
Area Locality Lat Long Date mel sim rat
1
2
O ’N o 'W m f m f
Port Coquitlan, B.C. 49 16 122 46 26/ 7/82 16 57 0 0 0
Bellingham, Wa 48 46 122 29 11/ 9/80 66 - 0 - 0
Carnation, Wa 47 33 121 51 10/ 8/82 14 2 0 0 0
Aloha, Or 45 17 122 31 22/ 9/80 50 29 0 0 0
St. Paul, Or 45 12 122 58 14/ 6/82 5 10 0 0 0
Medford, Or 42 22 122 52 18/ 6/82 76 37 0 0 0
Hamilton, Ca 39 46 122 01 21/ 6/82 85 34 1 3 3
Camino, Ca 38 44 120 41 4/11/79 71 - 1 - 1
21/12/79 32 - 1 - 3
20/ 9/80 79 - 1 - 1
29/10/80 114 - 7 - 6
12/ 9/81 41 - 0 - 0
14/ 7/82 6 4 1 1 17
28/10/82 135 29 2 0 1
Davis, Ca 38 33 121 44 22/ 2/81 2 - 0 - 0
continued over
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Area Locality Lat Long Date me! sim ratO 'N o 'W m f m f
Winters, Ca 38 31 121 58 28/10/79 17 _ 14 _ 45
7/ 6/80 2 - 0 - 0
15/ 6/80 12 - 14 - 54
12/ 9/80 1 - 15 - 94
23/ 7/80 1156 - 205 - 15
14/ 1/83 1 - 5 - 83
20/ 1/83 1 - 4 - 80
15/ 2/83 4 - 2 - 33
Sonoma, Ca 38 17 122 28 2/10/80 369 - 63 - 15
Mill Valley, Ca 37 54 122 32 26/ 8/79 0 - 11 - 100
14/ 9/79 1 - 349 - 100
27/ 9/79 10 - 518 - 98
Muir Woods, Ca 37 53 122 34 11/ 9/79 0 - 13 - 100
Patterson, Ca 37 28 121 7 21/ 7/82 177 32 37 7 17
Watson, Ca 36 52 121 46 28/ 6/82 27 13 2 2 9
16/ 8/82 28 22 11 6 25
Fresno, Ca 36 46 119 45 15/ 7/82 25 24 1 4 9
Atwell, Ca 36 44 118 58 9/ 9/82 - 10 - 88 90
Death Valley, Ca 36 30 117 0 23/ 3/80 145 - 38 - 21
29/ 3/80 114 - 124 - 52
30/ 8/80 21 - 0 - 0
12/11/80 524 - 326 - 38
11/ 1/81 12 - 37 - 76
27/ 3/81 40 - 20 - 33
Mineral King, Ca 36 27 118 35 1/ 9/80 14 - 2 - 13
Five Points, Ca 36 26 120 6 12/ 8/82 27 12 5 3 17
19/ 8/82 147 121 6 10 6
Arvin, Ca 33 12 119 50 15/ 7/82 21 11 16 5 22
Santa Maria, Ca 34 55 120 26 29/ 6/82 10 4 1 0 7
15/ 8/82 8 7 15 7 59
Oxnard, Ca 34 12 119 11 30/ 6/82 3 2 269 434 99
San Dimas, Ca 34 6 117 49 1/ 7/82 0 85 264 1335 95
Upland, Ca 34 6 117 39 14/ 8/82 5 2 437 160 99
Riverside, Ca 33 59 117 37 27/ 2/80 14 - 8 - 36
25/ 5/80 142 - 11 - 7
4/ 4/81 9 - 233 - 96
16/ 8/82 18 7 517 178 97
4/ 9/82 - 14 - 214 94
Tempe, Ar 33 25 111 56 31/ 3/81 89 - 80 - 47
Lakeside, Ca 32 52 116 55 3/ 7/83 210 1354 3 16 1
Santee, Ca 32 50 116 58 2/ 7/82 0 0 6 12 100
Beltsville, Md 39 2 76 54 8/ 9/82 11 - 13 - 54
10/ 9/82 95 - 1 - 1
1/10/82 197 - 38 - 16
20/10/82 29 - 82 - 74
Greenbelt, Md 39 1 76 53 23/ 9/82 10 - 15 - 60
16 1
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Parallel geographical patterns of
allozyme variation in
two sibling Drosophila species
P. R. Anderson & J. G. Oakeshott
Department of Population Biology, Research School of Biological 
Sciences, Australian National University, PO Box 475, Canberra 
City, ACT 2601, Australia
The importance of natural selection in determining spatial pat­
terns of allele frequencies remains unclear despite many geo­
graphical surveys of allele frequency variation in a variety of 
organisms1. Most patterns can be interpreted as a result of 
either selective or stochastic processes, depending on the 
assumptions made about population size and migration rate1. 
One line of evidence that could refute the stochastic explanation 
would be the discovery of parallel patterns of geographical 
variation for shared polymorphisms in different sibling species3. 
The present study demonstrates such patterns for the esterase-6 
(Est6) and phosphoglucomutase ( Pgm) polymorphisms of 
Drosophila simulans and Drosophila melanogaster. These two 
species share the same latitudinally correlated patterns of Esl6 
allele frequencies in Australasia, North America and Europe, 
but are more geographically uniform for Pgm allele frequencies 
on all three continents.
Geographical variation in the frequencies of four cos­
mopolitan chromosome inversions and 10 enzyme polymorph­
isms have been analysed in populations of D. melanogaster 
covering up to 50° of latitude in Australasia, North America 
and Europe/Asia4-10. Three types of geographical pattern are 
found. First, all four inversions and six of the enzyme poly­
morphisms (Est6, Adh, Gpdh, G6pd, Odh and Pgd) show con­
sistent and significant relationships with distance from the 
Equator in all three zoogeographical zones. Second, two enzyme 
polymorphisms (Pgm and Idh-NADP) show no relationship 
with latitude in any of the three zones. Third, the other two 
polymorphic loci (Acph and Tpi) each show a significant 
latitudinal relationship in Australasia, but not in the other two 
regions. Oakeshott et al.9 suggested that random events alone 
cannot explain the first two patterns, although the interpretation 
of the third pattern is more difficult.
We have studied the distribution of allele frequencies for 
analogous polymorphisms in D. simulans, a sibling species of 
D melanogaster. The two species have almost the same cos­
mopolitan distribution and are often collected together in the 
field". Tests under several electrophoretic conditions have indi­
cated that D. simulans shares the same common polymorphic 
electrophoretic variants as D. melanogaster for 3 of the 10 
enzyme loci analysed in D. melanogaster13~17: Est6, Pgm and 
Acph. D. simulans is monomorphic for the other seven enzyme 
systems14“31 and has no polymorphic chromosome inversions32. 
Because of the ambiguous patterns of Acph variation in D. 
melanogaster, we have analysed in detail only the patterns for 
Est6 and Pgm in D. simulans. If the world-wide consistent 
latitudinal relationships of Est6 allele frequencies and the rela­
tive geographical homogeneity of Pgm allele frequencies in D 
melanogaster are simply the result of random events, it is very 
improbable that they will be repeated in D. simulans on all 
three continents.
An analysis of 80 D. simulans population samples for Est6 
and 72 for Pgm shows that three electrophoretic variants at 
each locus are found at overall mean frequencies above 1% 
(Table 1). Each of the Pgm variants has a remarkably similar 
frequency to its value in D. melanogaster, Pgm-100clearly being 
the most common allele in both species. Both Est6-100 and 
Est6-110 are common in the two species, although their relative 
frequencies differ; Estb-100 is more common in D. melanogaster 
and Estb-110 more common in D. simulans. The frequency of 
Est6-125 is consistently low in both species.
Only the analyses of variation for the Est6-100 and Pgm-100 
alleles are presented here The analysis of the other common 
allele, Est6-I10, shows that it has a latitudinal pattern com­
plementary to that of Est6-100. The frequencies of the three 
rare alleles (Est6-125, Pgm-120 and Pgm-70) are too low for 
meaningful analysis.
In Fig. 1 the patterns of latitudinal variation of Est6-100 and 
Pgm-100 frequencies in D. simulans an<j D. melanogaster are 
compared graphically. In each species and in all regions there 
is a clear relationship between Est6-100 frequency and latitude. 
The patterns in the Northern and Southern Hemispheres are 
mirror-images of each other, and in all three regions the direc­
tion of allele frequency change with increasing distance from 
the Equator is the same in the two species. On average, Est6-100 
frequency increases by approximately 14% for every 10° 
increase in latitude from the Equator. Pgm-100 frequency is
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Fig. 1 Esl6-100 and l$m-
100 frequencies with latitude 
for Drosophila simulans 
(sim) and D. melanogaster 
(met). Data for D. 
melanogaster are from Oake­
shott et al2.
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Table 1 Mean frequencies of Esi6 and Pgm variants
Allele Mean frequencies* (% ±s.e.m .)
D. simulans D. melanogasier
Eslb
125 1±1 2 ± 2
110 67 ± 2 36 ± 2
100 32± 2 62 ±2
Pgm
120 1±1 3 ± 1
100 93 ± 1 89 ± 1
70 6±  1 8 ± 1
* For D. simulans we obtained 66 of the Esl6 scores and 61 of 
the Pgm scores using electrophoretic methods described elsewhere’. 
The remaining scores were taken from seven other previous 
r e p o r t s ' T h e  number of collections analysed and the mean 
and s.e.m. of the number of genes scored per collection were 47 and 
125 ± 12 in Australasia, 20 and 82 ±16 in North America and 10 and 
317±64 in Europe for Esl6, and 42 and 139±14 in Australasia, 20 
and 66 ±7  in North America and 9 and 311 ±62 in Europe for Pgm. 
In addition, two populations from South America (Brazil)”  were scored 
for Esi6 and one from Africa (Kenya) was scored for both loci. Data 
for D. melanogasier are from Oakeshott el a l }
Table 2 Geographical variation in Est6-100 and Pgm-100 allele 
frequencies
D. simulans D. melanogastert
r* ftt r b
Esib-lOO
Europe 0.665 0.685 0.53t 0.485
N. America 0.60|| 0.60|| 0.315 0.48||
Northern Hemisphere 0.641! 0.711 0.401 0.4311
Australasia 0.55t 0.55t 0.285 0.285
Total 0.51t 0.501 0-531 0.571
Pgm-100
Europe 0-80|l 0.595 0.35 -0 .1 9
N. America -0 .18 -0 .23 0.27 0.46
Northern Hemisphere -0 .02 0.00 0.18 0.20
Australasia 0.27 0.25 -0 .15 -0 .255
Total 0.01 0.02 -0 .02 -0 .0 2
* r, Partial correlations for angularly transformed Est6-I00  and Pgm- 
100 allele frequencies with latitude (controlling for longitude), 
t ft, Standardized coefficients for the transformed allele frequencies 
t D. melanogasier analyses are taken from ref. 5.
5 P < 0 .0 5 ; || /» < 0.01; 5 P< 0.001.
uniformly high (>85% in most cases, and never <50%) and is 
not obviously associated with latitude in any region in either
species.
Table 2 gives the partial correlations and standardized 
regression coefficients of angular transforms of Est6-100 and 
Pgm-100 frequencies on unsigned values of latitude. Both the 
correlations and regressions show that Est6-100 frequency is 
significantly associated with distance from the Equator in both 
species and all three zones. On average, latitude accounts for 
about 25% of the variance among samples in Est6-100 
frequency. The only latitudinal association for Pgm-100 
frequency that is significant as both a correlation and regression 
is for D. simulans in Europe. However, only nine European D. 
simulans samples were scored for Pgm, and this association is 
more apparent than real, as it simply results from a relatively 
low Pgm-100 frequency in a single, most southerly population.
We have limited data on two South American53 and one 
African population of D. simulans, and these are consistent with 
the patterns apparent in the other regions (Fig. 1).
Clinal patterns of variation in a single region can be produced 
without natural selection24. However, the recurrence of the 
same large-scale latitudinal association for Esl6 in three zoogeo- 
graphical zones and two species is difficult to explain as solely 
the result of random processes. The consistent homogeneity of 
Pgm allele frequencies is also not easily explained by non- 
selective processes; while migration can lead to the convergence 
of allele frequencies in different populations within a species, 
this is obviously not possible across species barriers. Thus, 
although there is a contrast between the geographical patterns 
of Est6 and Pgm allele frequencies, both patterns probably 
reflect the action of natural selection.
However, the modes of selection affecting the two loci are 
likely to be different, and differently influenced by the environ­
ment. This may be because Est6 has externally derived sub­
strates25 which may vary qualitatively or quantitatively with 
latitude, and Pgm is involved in central metabolism26, with 
substrates more likely to be consistent across latitudes.
For both Est6 and Pgm it is likely that some amino acid 
replacements are not detected by electrophoresis23 27 28 
However, such cryptic variation would tend to obscure (rather 
than produce) any recurrence of systematic regional patterns 
across species.
acting on genes closely linked to the enzyme loci, rather than 
on those loci themselves. If this is so, the identity of such genes
It is possible that the similar geographic patterns of the shared 
itvmorphisms in the two species are the result of selection
and their disequilibrium with the loci studied would presumably 
have to be similar in each species. Similar disequilibrium could 
be established in both species if it ante-dated speciation (at least 
106 generations ago29). However, it seems likely that most of 
this disequilibrium would have subsequently decayed, unless 
maintained by epistatic selection. The loci studied could partici­
pate directly in any such epistatic selection or be embedded 
among other epistatically-selected genes30. Except for the latter 
case then, we consider that the geographical patterns described 
here are most likely to be due to selection involving Est-6 and 
Pgm.
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